(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 0 737 581 A2 



(12) 



EUROPEAN PATENT APPLICATION 



(43) Date of publication: 


(51) Intel 6; B41J 2/05 


16.10.1996 Bulletin 1996/42 


(21) Application number: 96302627.3 




(22) Date of filing: 15.04.1996 




(84) Designated Contracting States: 


• SugitanI, Hiroslit 


AT BE CH D£ DK ES PI PR GB GR IE IT LI LU NL 


Ohta-ku, Tokyo (JP) 


PT SE 


• Inamoto, TadayoshI 




Ohta-ku, Tokyo (JP) 


(30) Priority: 14.04.1995 JP 89058/95 


• Nakata, Yoshle 


08.06.1995 JP 142214/95 


Ohta-ku, Tokyo (JP) 


11.04.1996 JP 89825/96 






(74) Representative: 


(71) Applicant: CANON KABUSHIKi KAISHA 


Beresford, Keith Denis Lewis et al 


Tokyo ( JP) 


BERESFORD & Co. 




2-5 Warwick Court 


(72) Inventors: 


High Holborn 


• Kimura, Makiko 


London WC1R 5DJ (GB) 


Ohta-ku, Tokyo (JP) 



(54) Liquid ejecting head, liquid ejecting device and liquid ejecting method 



(57) A liquid ejecting head capable of ejecting liq- 
uids in different conditions comprises an ejection outlet 
for ejecting a liquid; a liquid flow path for supplying the 
liquid to said ejection outlet, said liquid flow path having 
bubble generation heat means used to eject the liquid 
and capable of selectively generating bubbles having 
different sizes; and a movable mechanism having at 
least one movable member arranged to face a bubble 



generation region formed in said liquid flow path by said 
bubble generation heat means. The movable member 
has a free end on a downstream side with respect to a 
direction of said ejection outlet and a supporting mem- 
ber on an upstream side. The movable member is dis- 
placed in a direction to separate from the bubble gener- 
ation region in accordance with a bubble generated by 
said bubble generation heat means. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a liquid ejecting head for ejecting a desired liquid using generation of a bubble by 
applying themrial energy to the liquid, a head carriage using the liquid ejecting head, a liquid ejecting device, a liquid 
ejecting nnethod, and a recording method. It further relates to an ink jet head kit containing the liquid ejecting head. 
10 More specifically, the present invention relates to a liquid ejecting head having a movable member which is dis- 

placed using generation of a bubble, and a head cartridge using the liquid ejecting head, and a liquid ejecting device 
using the same. The present invention further relates to a liquid ejecting method and recording method for ejecting the 
liquid by displacing the movable member using the generation of the bubble. 

The present invention can be applied to a printer for performing a recording operation with respect to a recording 
>5 medium consisting of, e.g., a paper material, thread, fiber, textile, leather, metal, plastic resin, glass, wood, or ceramic 
material, a copying machine, a facsimile apparatus having a communication system, a device such as a wordprocessor 
having a printer unit, and an industrial recording apparatus constituted by a combination of various processingdevkres. 

In this specification, "recording" means not only forming an image having a specific meaning, e.g., a letter or 
graphic pattern, but also includes forming an image having no specific meaning, e.g., a pattern. 



20 



Related Background Art 



An ink jet recording method of so-called bubble jet type is known in which an instantaneous state charge resulting 
in an instantaneous volume change (bubble generation) is caused by application of energy such as heat to the ink, so 
2S as to eject the ink through the ejection outlet using the force resulted from the state change by which the ink is ejected 
to and deposited on the recording medium to from an image. As disctosed in U.S. Patent No. 4,723,129, a recording 
device using the bubble jet recording method comprises an ejection outlet for ejecting the Ink, an ink flow path in flukd 
communication with the ejection outlet, and an electrothermal transducer as an energy generation means disposed in 
the ink flow path. 

30 Such a recording method is advantageous in that, a high-quality image can be recorded at high speed and with 

low noise, and a plurality of such ejection outlets can be positioned at a high density, and therefore, a small-size 
recording apparatus capable of providing a high resolution can be provided, and color images can be easily formed. 
Therefore, the bubble jet recording method is now widely used in printers, copying machines, facsimile apparatuses 
or other office equipment, and for industrial systems such as a textile phnting device or the like. 

3S As the bubble jet technique has been widely used for products in various fields, various demands have recently 

arisen as follows. 

For example, an improvement in energy efficiency is demanded. To meet the demand, the optimization of the heat 
generating element such as adjustment of the thickness of the protection film is studied. This method is effective in 
that a propagation efficiency of the generated heat to the liquid is improved. 

40 In order to provide high-quality images, drive conditions have been proposed by which the ink ejection speed is 

increased, and/or the bubble generation is stabilized to accomplish better ink ejection. As another example, from the 
viewpoint of increasing the recording speed, flow path structure improvements have been proposed by which the rate 
of liquid filing (refilling) into the liquid flow path is increased. 

Of these flow path forms, the flow path structure shown in Figs. 1 A and 18 is disclosed in Japanese Laid-Open 
Patent Application No. 63-199972 and the like. The flow path structure and the head manufacturing method disclosed 
In this publication have been invented in consideration of a back wave (a pressure propagating In an opposite direction 
to an ejection outlet, i.e., pressure propagating toward a liquid chanriber 12). This back wave is known as loss energy 
because this energy does not propagate in the ejection direction. 

The invention shown in Figs. 1 A and IB discloses a valve 10 separated from an area where a bubble is formed 

so by a heat generating element 2, and located at the opposite side to an ejection outlet 11 with respect to the heat 
generating element 2. 

Referring to Fig. 1B, this valve 10 is manufactured by a method using a plate material or the like such that the 
valve 10 is adhered to the ceiling of a flow path 3 at the initial position, and hangs down into the flow path 3 upon 
generation of a bubble. This Invention is disclosed as a technique of suppressing the energy loss by controlling part 
55 of the above back wave using the valve 10. 

As is apparent from consideration of a case wherein a bubble Is generated in the flow path 3 holding a liquid to be 
ejected, in this structure, suppression of part of a back wave by means of the valve 10 is not practicable in terms of 
liquid ejection. 



BNSDOCID: <EP 0737581 A2_l_> 



10 



IS 



EP 0 737 581 A2 

AS described above, a back wave itself is not directly associated with liquid ejection. As shown in Fig 1 A when 
th_^ back wave ,s generated in the flow path 3. part of the pressure generated by a bubble which is directly assoc«ted 

iTf ejected from the flow path 3. As is apparent, therefore, suppression 

of part of the back wave does not greatly influence ejection. 

t«o.i?« "Tl' recording method, heating is repeated with the heat generating element con- 

^Jlo or.K ^"f u^'^ ^ °" °' t^^^t generating element due to 

scorching of the mk. However, the amount of the deposition may be large depending on the kind of ink. If this occurs 
the ink ejection becomes unstable. Additionally, even when the liquid to be ejected is the one easily degraded by hea 
or even when the liquid is the one with which the bubble generation is not sufficient, the liquid is desired to be properly 
ejected without any property change. w^oHiuK-ony 

.K /^^P^"«^«>3;^-Open Patent Application Nos. 61-69467 and 55-81172 and U.S. Patent No. 4,480,259 disclose 
hat different hquris are used for the liquid generating the bubble by the heat (bubble generation liquid) and for the 
liquid to be ejected (ejectcn liquid). In these publications, the ink as the ejection liquid and the bubble generation liquid 
are completely separated by a flexible film of silk:one rubber or the like so as to prevent direct contact between the 
ejection liquid and the heat generating element while the pressure resulting from the bubble generation of the bubble 
generation liquid propagates to the ejection liquid by the deformation of the flexiblefilm. With such a structure, deposition 
increased ^""^ ' generating element is prevented, or the degree of freedom in selecting an ejection lk,uid is 

However with this structure in which the ejection liquid and the bubble generation liquid are completely separated 
the pressure by the bubble generation is caused to propagate to the ejection liquid through the expanstn-conS^^^^^ 
deformation of the flexible film, and therefore, the pressure is absorbed by the flexible film to a q^e high degree 

In addition, the deformation of the flexible film is not so large, and therefore, the energy efficiency and the ejection 
force are degraded although the some effect is provided by separating the ejection liquid from the bubble genTr^ton 

of fn^'fi?^''°". 'fr. '"^ '"^'!]°^' ^^P^"^®« P^'^"^ Publication No. 62-48585 discloses a method of changing the 

flow nlfh tn L 7 ^ ^'^T . ^ "''^'"^ ^ °* '^^^^ generating elements, which are arranged in one liquid 

flow path to be driven independently, at desired timings. 

in this publication, two heat generating elements are arranged in one flow path to be driven independently In this 
case, when the elements are driven at the same timing, the resultant bubble has the maximum volume. As the timings 
are shifted from each other, the volume decreases. With changes in the size of an ink droplet, gradation is obtained. 

SUMMARY OF THE INVENTION 

thPir ^tfr,'^^'?^ the current situation of the conventional gradation recording techniques, the present inventors gave 
their attent on to an image constituted by relatively large and small dots. Theoretically, desired dots should be foirned 
at designated positions. In practice, however, the image includes an -offsef which is small but large enough to be 
visually recognized, or "dot disturbance" which can be seen at a magnification of about X50 

foundTr;'^Ssrt- ::d''"^^^^^^^^^^^^ ^ ^^^'"'^^^^ "^'"^ ^^^^'^^^ ^^-y 
presrrnrsr;d^r sz^^^^ - 

The first problem is that when a bubble is generated by an electrothermal transducer means (e.g , a plurality of 
heaters) for generating bubbles having relatively different sizes, the generation of the bubble is disturbed and the 
volume of an ejected liqu W (droplet) changes accordingly with variations in the environmental conditions for the bubble 

Q6ri6r3u0n rGQion. 

of «n ll^f^"?" !^ !^^'' '° ^'^^^ ^'^^^ particular, the ejection rate) 

of an ejected liquid (droplet) for fomiing an image, varies due to the causes and the like in the first problem the ink 
anding precision deteriorates, resulting in relatively low image quality The second problem is the fundamental problem 

Iml^ Ho[ff' h" '!^^ "'^'^'^^ smoothing techniques using large and small or large, intermediate, and 

small dots, and IS known more popularly than the first problem. 

of . P""c;Pa' problem of the present invention is to provide a head which can solve the problem of the disturbance 
nlrnot TJ I ^ gra^tion recording method, a smoothing method, or a pre-ejection (ejection performed by 
using a signal other than a recording signal to improve the condition in the head) method using the head 

It IS another object of the present invention to solve the first problem and provide a head which has a structure as 
a charactenstic feature in which a movable member having a free end on the downstream side and a supporting 

rrmlnc ^"^^ "^"^ '° °' ^" 3^ra"9^d 'or a bubble generation 

m , s«'f<^t.vely generating bubbles having different sizes to face a bubble generation region, and can sta- 
bilize the volume of an ejected droplet to a desired value on the basis of the balance between the growth of a bubbte 
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and the displacement of a movable member, vsrith the structure, even rf the environmental conditions of the bubble 
generation region slightly vary, and a method and apparatus using the head. 

It is still another object of the present invention to solve the second problem. In solving the second problem, when 
bubbles having different sizes are to be generated by the bubble generation heat means, preferable conditions are 
5 found with respect to the function of the movable member itself. That is, the movable member itself further changes 
the growth of the bubble itself to further stabilize the volume of the ejected liquid. In addition, the ejection speed of the 
ejected liquid can be increased and stabilized. 

It is, therefore, still another object of the present Invention to provide a head which can supply a liquid having a 
desired volume to a desired position with high precision by increasing the ejection efficiency and the ejection rate upon 
TO attaining stability of bubbles having different sizes, and a method and apparatus using the head. 

Other objects of the present invention will be apparent from the following detailed description in conjunction with 
the preferred embodiments. 

More specifically, it is an object of the present invention to provide a liquid ejecting head capable of ejecting liquids 
in different conditions, comprising an ejection outlet for ejecting a liquid, a liquid flow path for supplying the liquid to 

^5 the ejection outlet, the liquid flow path having bubble generation heat means used to eject the liquid and capable of 
selectively generating bubbles having different sizes, and a movable mechanism having at least one movable member 
arranged to face a bubble generation region formed in the liquid flow path by the bubble generation heat means, the 
movable member having a free end on a downstream side with respect to a direction of the ejection outlet, and a 
supporting member on an upstream side, and being displaced in a direction to separate from the bubble generation 

20 region in accordance with a bubble generated by the bubble generation heat means. 

It is another object of the present invention to provide a liquid ejecting method of ejecting a liquid upon generation 
of a bubble, comprising the steps of using a liquid ejecting head including an ejection outlet for ejecting a liquid, a liquid 
flow path having a heat generating element for generating a bubble in the liquid, and a movable member which is 
arranged to face the heat generating element, can be displaced between a first position and a second position farther 

25 from the heat generating element than the first position, and has a free end, and displacing the movable member using 
a pressure based on generation of the bubble to cause the bubble to expand more greatly at a downstream side than 
at an upstream side with respect to a direction of the ejection outlet, and to change a displaced state of the movable 
member, thereby changing an ejection amount of the liquid. 

It is still another object of the present invention to provide a pre-ejecting method for a liquid ejecting head, com- 

30 prising the steps of using a liquid ejecting head including an ejection outlet for ejecting a liquid, a liquid flow path for 
supplying the liquid to the ejection outlet, the liquid flow path having bubble generation heat means used to eject the 
liquid and capable of selectively generating bubbles having different sizes, and a movable mechanism having at least 
one movable member arranged to face a bubble generation region formed in the liquid flow path by the bubble gen- 
eration heat means, the movable member having a free end on a downstream side with respect to a direction of the 

3S ejection outlet, and a supporting member on an upstream side, and displacing the movable member in a direction to 
separate from the bubble generation region, forming a largest bubble of the bubbles which can be formed t)y the bubble 
generation heat means, and causing the movable member to guide the largest bubble to the ejection outlet, thereby 
performing a pre-ejection process from the ejection outlet. 

It is still another object of the present invention to provide a recording method of performing a gradation recording 

40 operation using a liquid ejecting head for ejecting a liquid, comprising the steps of using the liquid ejecting head ir>cluding 
an ejection outlet for ejecting a liquid, a liquid flow path for supplying the liquid to the ejection outlet, the liquid flow 
path having bubble generation heat means used to eject the liquid and capable of selectively generating bubbles having 
different sizes, and a movable mechanism having at least one movable member arranged to face a bubble generation 
region formed in the liquid flow path by the bubble generation heat means, the movable member having a freeendon 

45 a downstream side with respect to a direction of the ejection outlet, and a supporting member on an upstream side, 
and displacing the movable member in a direction to separate from the bubble generation region in accordar>ce with 
each of the bubbles having the different sizes, and causing the movable member to guide the bubbles to the ejection 
outlet so as to form droplets having the different sizes in accordance with the sizes of the bubbles, thereby performing 
a gradation recording operation. 

50 It is still another object of the present invention to provide a recording method of performing a smoothing operation 

using a liquid ejecting head capable of ejecting droplets having different sizes, comprising the steps of using the liquid 
ejecting head including an ejection outlet for ejecting a liquid, a liquid flow path for supplying the liquid to the ejection 
outlet, the liquid flow path having bubble generation heat means used to eject the liquid and capable of selectively 
generating bubbles having the different sizes, and a movable mechanism having at least one movable member ar- 

55 ranged to face a bubble generation region formed in the liquid flow path by the bubble generation heal means, the 
movable member having a free end on a downstream side with respect to a direction of the ejection outlet, and a 
supporting member on an upstream side, and displacing the movable member in a direction to separate from the bubble 
generation region in accordance with each of the bubbles having the different sizes, causing the movable nr>ember to 
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guide the bubbles to the ejection outlet so as to supply the droplets having the different sizes corresponding to the 
sizes of the bubbles to a boundary between an inriage portion and a non-image portion, thereby performing a smoothing 
operation. 

It is stilt another object of the present invention to provide an ink jet recording device using a liquid ejecting head 
5 capable of ejecting liquids in different condrtions, comprising a mount portion on which the liquid ejecting head is 
mounted, the liquid ejecting head including an ejection outlet for ejecting a liquid, a liquid flow path for supplying the 
liquid to the ejection outlet, the liquid flow path having bubble generation heat means used to eject the liquid and 
capable of selectively generating bubbles having different sizes, and a movable mechanism having at least one movable 
member arranged to face a bubble generation region formed in the liquid flow path by the bubble generation heat 
means, the movable member having a free end on a downstream side with respect to a direction of the ejection outlet, 
and a supporting member on an upstream side, and being displaced in a direction to separate from the bubble gener- 
ation region in accordance with a bubble generated by the bubble generation heat means, and drive condition selection 
means for supplying the bubble generation heat means of the liquid ejecting head with an electrical signal corresponding 
to a recording signal corresponding to a liquid to be ejected. 

It is still another object of the present invention to provide, as a more practical head, a liquid ejecting head capable 
of ejecting liquids in different conditions, comprising an ejection outlet for ejecting a liquid, a liquid flow path including 
a first liquid flow path for supplying the liquid to the ejection outlet, and a second liquid flow path having bubble gen- 
eration heat means used to eject the liquid and capable of selectively generating bubbles having different sizes, and 
a movable mechanism having at least one movable member arranged to face a bubble generation region formed in 

20 the second liquid flow path by the bubble generation heat means, the movable member having a free end on a down- 
stream side with respect to a direction of the ejection outlet, and a supporting member on an upstream side, and being 
displaced by generation of the bubble in a direction to move the free end in a substantially sealed state with respect 
to the first liquid flow path and to open the bubble generation region to the ejection outlet. 

As described above, according to the ejecting method, liquid ejecting head, and the like of the present invention, 

25 Which have a plurality of heat generating elements and movable members with respect to a liquid flow path, gradation 
images with high stability and high ejection direction precision can be realized, and images with very high quality can 
be obtained owing to the movable members. 

The head cartridge of the present invention comprises a liquid ejection head as set forth either in claim 1 or 35 
and a liquid container for containing liquid to be supplied to said liquid ejection head. 

30 The liquid ejection apparatus of the present invention comprises a liquid ejection head as set forth either in claim 

1 or 35 and a drive signal supplying means for supplying a drive signal for causing said liquid ejection head to eject 
the liquid. 

The recording system of the present invention comprises a liquid ejection apparatus as set forth in claim 40 and 
an additional process device for promoting the fixation of the liquid on the recorded recording medium. 
3S The recording system of the present invention comprises a liquid ejection apparatus as set forth in claim 40 and 

an preliminary process device for promoting the fixation of the liquid on the recorded recording medium. 

In addition, gradation is realized by ejection amount modulation, and excellent ejection characteristics such as 
refilling characteristics can be maintained. 

Furthermore, with the above effects, images such as curves and oblique lines can be realized with smooth lines. 
40 and the quality of images such as characters and graphic patterns can be improved. 

Similarly, with the above effects, since the ejection reliability can be improved, pre-ejection immediately before a 
print operation can be performed with a very smalt number of times of liquid ejection within a short period of time. 

Other features and advantages of the present invention will be apparent from the following description in conjunc- 
tion with the preferred embodiments. 
45 In this specification, "upstream" and "downstream" are defined with respect to a general liquid flow from a liquid 

supply source to the ejection outlet through the bubble generation region (movable member) or with respect to the 
structural direction. 

With regard to a bubble itself, "downstream" mainly represents the ejection outlet side of the bubble which directly 
functions to eject a liquid droplet. More specifically, it generally means the downstream side of the center of the bubble 
50 with respect to the direction of the general liquid flow or the structural direction, or a bubble generated in a region on 
the downstream side of the center of the area of the heat generating element. 

In this specification, "substantially sealed" generally means a sealed state in which when a bubble grows, the 
bubble does not escape through a gap (slit) around the movable member before it is displaced. 

In this specification, "partition wall" may mean a wall (which may include a movable member) interposed to separate 
a bubble generation region from a region directly communicating with an ejection outlet, and more specifically means 
a wall separating a flow path including a bubble generation region from a liquid flow path directly communicating an 
ejection outlet to prevent mixing of the liquids in the respective regions. 
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8RIEF DESCRIPTION OF THE DRAWINGS 



Figs. 1 A and 1 B are views for explaining the liquid flow path structure of a conventional liquid ejecting head; 
Figs. 2A to2D are sectional views for explaining the liquid ejection principle on which the present invention is based; 
5 Fig. 3 is a partly cutaway perspective view of a liquid ejecting head in Figs. 2A to 2D; 

Fig. 4 is a sectional view for explaining the propagation of a pressure from a bubble in a conventional liquid ejecting 
head; 

Fig. 5 is a sectional view for explaining the propagation of a pressure from a bubble in the liquid ejection principle 
on which the present invention is based; 
10 Fig. 6 is a sectional view showing the flow of a liquid in the liquid ejecting head on which the present invention is 

based; 

Fig. 7 is a longitudinal sectional view of the liquid ejecting head of the present invention; 

Figs. 8A and 8B are sectional views for explaining an example of the arrangement of a movable member and two 

heat generating elements in the first embodiment of the present invention; 
1^ Fig. 9 is a sectional view showing a driven state of the liquid ejecting head of the present invention; 

Fig. 10 is a sectional view showing a driven state of the liquid ejecting head of the present invention; 

Fig. 11 is a sectional view showing a driven state of the liquid ejecting head of the present invention; 

Fig. 12 is a graph showing the relationship between the ejection amount and the reflection density; 

Figs. 13A and 138 are views for explaining liquid ejection directions in a conventional liquid ejecting head; 
20 Figs. 14A and 148 are sectional views for explaining an example of the arrangement of a movable member and 

three heat generating elements in the second embodiment of the present invention; 

Figs. 15A and 158 are sectional views for explaining an example of the arrangement of a plurality of movable 

members and a plurality of heat generating elements in the third embodiment of the present invention; 

Figs. 1 6A and 168 are sectional views for explaining another example of the arrangement of a plurality of movable 

25 members and a plurality of heat generating elements in the fourth embodiment of the present invention; 

Figs. 17A and 178 are sectional views for explaining still another example of the arrangement of a plurality of 
movable members and a plurality of heat generating elements in the fifth embodiment of the present invention; 
Figs. 18A and 188 are sectional views for explaining an example of the arrangement of a plurality of movable 
members, a plurality of heat generating elements, and a partition wall in the sixth embodiment of the present 

30 invention; 

Figs. 19A to 19C are views for explaining a smoothing effect in the present invention; 
Fig. 20 is a flow chart for explaining a pre-ejection sequence in the present invention; 

Figs. 21 A to 21 C are views for explaining the positional relationship between a movable member and heat gener- 
ating elements; 

35 Figs. 22A to 22C are view for explaining the shapes of movable members; 

Figs. 23A and 238 are longitudinal sectional views of the liquid ejecting head of the present invention; 
Fig. 24 is a schematic view showing the waveform of a driving pulse; 

Fig. 25 is a view for explaining a supply path in the liquid ejecting head of the present invention; - 
Fig. 26 is an exploded perspective view of the liquid ejecting head of the present invention; 
^0 Fig. 27 is an exploded perspective view of a liquid ejecting head cartridge; 

Fig. 28 is a perspective view showing the structure of a liquid ejecting device; 
Fig. 29 is a block diagram of the device; 

Fig. 30 is a view showing a liquid ejection recording system; and 
Fig. 31 is a schematic view showing a head kit. 

4£ 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



<Operation Principle> 



The basic operation principle of the present invention will be described below with reference to the accompanying 
drawings. 

Figs. 2A to 2D are schematic sectional views of a liquid ejecting head taken along a liquid flow path, and Fig. 3 is 
a partly cutaway perspective view of the liquid ejecting head. 

The liquid ejecting head in Figs. 2A to 2D comprises a heat generating element 2 (a heat generating resistor of 
40 ^im X 105 fim in Figs. 2A to 2D) as the ejection energy generating element for supplying thermal energy to the 
liquid to eject the liquid: an element substrate 1 on which the heat generating element 2 is formed, and a liquid ftow 
path 10 formed above the element substrate correspondingly to the heat generating element 2. The liquid flow path 
10 is in fluid communication with a plurality of the ejection outlets 18 and a common liquid chamber 1 3 for supplying 
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the liquid to a plurality of such liquid flow paths 10. The liquid flow path 10 receives, from the comrrKjn liquid chamber, 
a liquid in an amount corresponding to the amount of liquid discharged from the ejection outlets 18. 

Above the element substrate in the liquid flow path 10, a movable member or plate 31 in the form of a cantilever 
of an elastic material such as a metal is provided facing the heat generating element 2. One end of the movable member 
5 31 is fixed to a foundation (supporting member) 34 or the like provided by patterning of a photosensitive resin material 
on the wall of the liquid flow path 10 or the element substrate. By this structure, the movable member is supported, 
and a fulcrum (fulcrum portion) 33 is constituted. 

The movable member 31 is so positioned that it has a fulcrum (fulcrum portion which is a fixed end) 33 in an 
upstream side with respect to a large flow of the liquid by the ejecting operation from the common liquid chamber 13 
10 toward the ejection outlet 18 through the movable member 31 and that it has a free end (free end portion) 32 in a 
downstream side of the fulcrum 33. The movable member 31 is spaced apart from the heat generating element 2 by 
a distance of about 15 ^ as if it covers the heat generating element 2. A bubble generation region is constituted 
between the heat generating element and movable member. The type, shape or position of the heat generating element 
or the movable member is not limited to the ones described above, but may be changed as long as the growth of the 
15 bubble and the propagation of the pressure can be controlled. For the purpose of easy understanding of the flow of 
the liquid which will be described hereinafter, the liquid flow path 10 is divided by the movable member 31 into a first 
liquid flow path 14 which is directly in communication with the ejection outlet 18 and a second liquid flow path 16 having 
a bubble generation region 11 and a liquid supply path 12. 

By causing heat generation of the heat generating element 2, the heat is applied to the liquid in the bubble gen- 
20 eration region 11 between the movable member 31 and the heat generating element 2, thereby generating a bubble 
on the basis of the film boiling phenomenon as disclosed in U.S. Patent No. 4,723,129. The bubble and the pressure 
caused by the generation of the bubble act preferentially on the movable member so that the movable member 31 
moves or displaces to widely open toward the ejection outlet side about the fulcrum 33, as shown in Figs. 2B and 2C 
or in Fig. 3. By the displacement of the movable member 31 or the state after the displacement, the propagation of the 
25 pressure caused by the generation of the bubble and the growth of the bubble per se are directed toward the ejection 
outlet. 

Here, one of the fundamental ejection principles which is applied to the present invention will be described. One 
of the important principles in the present invention is that the movable member positioned facing the bubble is displaced 
from the first position in the steady state to the second position of the displaced movable member on the basis of the 
30 pressure of the bubble generation or the bubble per se, and the displacing movable member 31 Is effective to direct 
the pressure and/or the bubble per se toward the ejection outlet 18 (downstream) upon generation of the bubble. 

A more detailed description will be made with comparison between the conventional liquid flow path structure not 
using the movable member (Fig. 4) and the present invention (Fig. 5). Here, the direction of propagation of the pressure 
toward the ejection outlet is indicated by V^, and the direction of propagation of the pressure toward the upstream is 
35 indicated by Vg. 

In a conventional head as shown in Fig. 4, there is not any structural element effective to regulate the direction of 
the propagation of the pressure produced by the bubble 40. Therefore, the directions of the pressure propagation of 
the bubble 40 are normal to the curved surface of the bubble as indicated by VI - V8. Among these directions, those 
of the pressure propagation of a portion closer to the ejection outlet (VI - V4) with respect to almost the half of the 
40 bubble have the pressure components in the V^ direction which is most effective for the liquid ejection. This portion is 
important since it is directly contributable to the liquid ejection efficiency, the liquid ejection force, and the ejection 
speed. Furthermore, the component VI is closest to the direction of V^ which is the ejection direction, and therefore, 
is most effective, and the V4 has a relatively small component in the direction V;^. 

On the other hand, in the present invention, as shown in Fig. 5, the movable member 31 is effective to direct, to 
45 the downstream (ejection outlet side), the pressure propagation directions VI - V4 of the bubble which otherwise are 
toward various directions. Thus, the pressure propagations of the bubble 40 are concentrated, so that the pressure of 
the bubble 40 is directly and efficiently contributable to the ejection. 

The growth direction per se of the bubble is directed downstream similarly to the pressure propagation directions 
V1 - V4. and grow more in the downstream side than in the upstream side. Thus, the growth direction per se of the 
so bubble is controlled by the movable member, and the pressure propagation direction from the bubble is controlled 
thereby, so that the ejection efficiency, ejection force and ejection speed or the like are fundamentally improved. 

Referring back to Figs. 2A to 2D, the ejecting operation of the liquid ejecting head described above will be described 
in detail. 

Fig. 2A shows a state before the energy such as electric energy is applied to the heat generating element 2, and 
55 therefore, no heat has yet been generated. It should be noted that the movable member 31 is so positioned as to face 
at least the downstream portion of the bubble generated by the heat generation of the heat generating element. In 
other words, in order that the downstream portion of the bubble acts on the movable member, the liquid flow path 
structure is such that the movable member 31 extends at least to the position downstream (downstream of a line 



8 



BNSDOCID: <EP 0737581 A2_l_> 



EP0 737S81 A2 



passing through the center 3 of the area oi the heat generating elennent and perpendicular to the longitudinal direction 
of the flow path) of the center 3 of the area of the heat generating element. 

Fig. 2B shows a state wherein the heat generating element 2 generates heat upon application of the electric energy 
to the heat generating element 2, and a part of the liquid filled in the bubble generation region 11 is heated by this 
s generated heat so that a bubble Is generated as a result of film boiling. 

At this time, the movable member 31 is displaced from the first position to the second position by the pressure 
produced by the generation of the bubble 40 so as to guide the propagation of the pressure toward the ejection outlet. 
It should be noted that, as described hereinbefore, the free end 32 of the movable member 31 is disposed on the 
downstream side (ejection outlet side), and the fulcrum 33 is disposed on the upstream side (common liquid chamber 
side), so that at least a part of the movable member faces the downstream portion of the bubble, that is. the downstream 
portion of the heat generating element. 

Fig: 2C shows a state in which the bubble 40 has been further grown. By the pressure resulting from the bubble 
40, the movable member 31 is displaced further The generated bubble grows more downstream than upstream, and 
it expands greatly beyond the first position (broken line position) of the movable member Thus, it is understood that 
in accordance with the growth of the bubble 40, the movable member 31 gradually drspiaces, so that the pressure 
propagation direction of the bubble 40, the direction in which the volume easily changes, namely, the growth direction 
of the bubble, are directed uniformly toward the ejectbn outlet, thereby increasing the ejection efficiency. When the 
movable member guides the bubble and the bubble generation pressure toward the ejectbn outlet, it hardly obstructs 
propagation and growth, and can efficiently control the propagation direction of the pressure and the growth direction 
20 of the bubble in accordance with the magnitude of the pressure. 

Fig. 2D shows a state wherein the bubble 40 contracts and disappears by a decrease in pressure in the bubble 
upon film boiling. 

The movable member 31 having been displaced to the second position returns to the initial position (first position) 
of Fig. 2A by the restoring force provided by the spring properties of the movable member per se and the negative 
2S pressure due to the contraction of the bubble. Upon collapse of the bubble, the liquid flows back from the common 
liquid chamber side as indicated by Vq^ and VQ2and from the ejection outlet side as indicated by so as tocompensate 
for the volume reduction of the bubble in the bubble generation region 11 and to compensate for the volume of the 
ejected liquid. 

In the foregoing, the description has been made as to the operation of the movable member with the generation 

30 of the bubble and the ejecting operation of the liquid. Now, a description will be made as to the refilling of the liquid in 
the liquid ejecting head to which the present invention is applicable. 

When the bubble 40 enters the bubble collapsing process after the maximum volume thereof <Fig. 2C), the liquid 
having a volume enough tocompensate for the volume of the collapsed bubble flows into the bubble generatk>n region 
from the ejection outlet 18 side of the first liquid flow path 14 and from the bubble generation region of the second 

55 liquid flow path 16. In the conventional liquid flow path structure not having the movable number 31, the anr>ount of 
the liquid from the ejection outlet side to the bubble collapse position and the amount of the liquid from the comrrion 
liquid chamber thereinto, are determined by the flow resistances of the portion closer to the ejection outlet than the 
bubble generation region and the portion closer to the common liquid chamber (These amounts are determined based 
on the flow resistances and the inertia of the liquid). 

40 Therefore, when the flow resistance on the supply path side is smaller than that on the other side, a large amount * 

of the liquid flows into the bubble collapse position from the ejection outlet side, resulting in a meniscus retraction 
amount. In particular, with the reduction of the flow resistance in the ejection outlet for the purpose of increasing the 
ejection efficiency, the meniscus M retraction increases upon the collapse of the bubble, resulting in a bnger refilling 
tiine period, and making high-speed printing difficult. 

45 According to this structure, because of the presence of the movable member 31 , the meniscus retraction stops at 

the time when the movable member returns to the initial position upon collapse of the bubble, and thereafter, the supply 
of the liquid in an amount corresponding to the volume W2 is accomplished by the ftow Vq2 through the second fbw 
path 16. In the prior art, a half the bubble volume W is the volume of the meniscus retractbn, but according to this 
embodiment, only about 1/2 the volume W1 smaller than 1/2 the volume W is the volume of the meniscus retraction. 

50 Additionally, the liquid supply for the volume W2 is forced to be effected mainly from the upstream (Vd2) ot the 

second liquid flow path along the surface of the heat generating element side of the movable menrrtDer 31 using the 
pressure upon collapse of the bubble, and therefore, a more speedy refilling action is accomplished. 

When refilling using the pressure upon collapse of the bubble is carried out in a conventional head, the vibration 
of the meniscus increases to deteriorate the image quality. However, according to this embodiment, the flows of the 

55 liquid in the first liquid flow path 14 on the ejection outlet side and the ejection outlet side of the bubble generatbn 
region 11 are suppressed, so that the vibration of the meniscus is minimized. 

Thus, according to the above structure applied to the present inventbn, the high-speed refilling Is aoconr>plrshed 
by the forced refilling to the bubble generation region thorough the liquid supply path 12 of the second flow path 16 
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and by the suppression of the meniscus retraction and vibration. Therefore, the stability of ejection and repeated high- 
speed ejections are accomplished, and when the embodiment is used in the field of recording, the image quality and 
high-speed recording can be improved. 

The above structure also has the following effective function. It is suppression of the propagation of the pressure 
5 to the upstream side (back wave) produced by the generation of the bubble. Of all the bubbles generated on the heat 
generating elements 2, most of the pressure of the bubble on the common liquid chamber 1 3 side (upstream) becomes 
a force which pushes the liquid back to the upstream side (back wave). The back wave causes the pressure on the 
upstream side, the resultant liquid movement amount and the inertia force of the liquid movement, and degrades the 
refilling of the liquid into the liquid flow path. In this structure, these actions to the upstream side are suppressed by 

^0 the movable member 31 , so that the refilling performance is further improved. 

A description will be made for a further characteristic feature and the advantageous effect. 
The second liquid flow path 16 has a liquid supply path 12 having an inner wall substantially flush with the heat 
generating element 2 (the surface of the heat generating element is not greatly recessed) on the upstream side of the 
heat generating element 2. With this structure, the liquid is supplied to the surface of the heat generating element 2 

^5 and the bubble generation region 11 along the surface of the movable member 31 at the position closer to the bubble 
generation region 11 as indicted by Vq2. Accordingly, stagnation of the liquid on the surface of the heat generating 
element 2 is suppressed, so that precipitation of the gas dissolved in the liquid is suppressed, and the residual bubbles 
not disappearing are removed without difficulty, and in addition, the heat is not excessively accumulated in the liquid. 
Therefore, the stable bubble generation can be repeated at a high speed. In this structure of, the liquid supply path 12 

20 has a substantially flat inner wall, but Is not limited to this, and the liquid supply path is satisfactory if it has an inner 
wall smoothly extended from the surface of the heat generating element so that the stagnation of the liquid on the heat 
generating element, and a turbulence in the supply of the liquid do not occur. 

The liquid is supplied into the bubble generation region through a gap at a side portion (slit 35) of the movable 
member as indicated by Vp^ . I n order to direct the pressure upon the bubble generation further effectively to the ejection 

2S outlet, a large movable member covering the entire bubble generation region (covering the surface of the heat gener- 
ating element) may be used, as shown in Figs. 2A to 2D. When the flow resistance to the liquid between the bubble 
generation region 11 and the region of the first liquid flow path 14 close to the ejection outlet is increased upon returning 
the movable member to the first position, the flow of the liquid to the bubble generation region 11 along Vq^ can be 
suppressed. However, according to this head structure, since there is a flow Vq^ effective to supply the liquid to the 

30 bubble generation region, the supply performance of the liquid is greatly increased, and therefore, even if the movable 
member 31 covers the bubble generation region 11 to improve the ejection efficiency, the supply performance of the 
liquid is not deteriorated. 

The positional relationship between the free end 32 and the fulcrum 33 of the movable member 31 is such that 
the free end is at a downstream position of the fulcrum as indicated in Fig. 6, for example. With this structure, the 

3S functbn and effect of guiding the pressure propagation direction and the direction of the growth of the bubble to the 
ejection outlet side or the like can be efficiently assured upon the bubble generation. Additionally this positional rela- 
tionship is effective to accomplish not only the function or effect related to the ejection but also the reduction of the 
flow resistance of the liquid flowing through the liquid flow path 10 upon the supply of the liquid, thus permitting the 
high-speed refilling. When the meniscus M retracted by the ejection as shown in Fig. 6, returns to the ejection outlet 

40 18 by capillary force or when the liquid is supplied to compensate for collapse of the bubble, the positions of the free 
end and the fulcrum 33 are located not to interfere with the flows S-,, and S3 through the liquid flow path 10 including 
the first liquid flow path 14 and the second liquid flow path 16. 

More particularly, in this structure, as described hereinbefore, the free end 32 of the movable member 3 faces the 
downstream position of the center 3 of the area which divides the heat generating element 2 into an upstream region 

-^5 and a downstream region (the line passing through the center (central portion) of the area of the heat generating 
element and perpendicular to the longitudinal direction of the liquid flow path). The movable member 31 receives the 
pressure and the bubble which are greatly contributable to the ejection of the liquid at the downstream side of the area 
center position 3 of the heat generating element, and it. guides the force to the ejection outlet side, thus fundamentally 
improving the ejection efficiency or the ejection force. 

50 Further advantageous effects are provided using the upstream side of the bubble, as described hereinbefore. 

Furthermore, it is considered that in this structure, the instantaneous mechanical movement of the free end of the 
movable member 31 contributes to the ejection of the liquid. 



ss 



^Embodiment) 

Fig. 7 is a sectional view of a liquid flow path of a liquid ejecting head according to the first embodiment of the 
present invention. Fig. 8A is a sectional view showing a sectbnal structure taken along a line 8A - 8A in Fig. 7 and 
viewed from a direction A. Fig. 8B is a sectional view showing a sectional structure taken along a line 8B - 8B in Fig. 
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7 and viewed from a direction B. 

As shown in Figs. 7 to 8B. the liquid ejecting head of the present invention has an elenrtent substriate 1 on which 
a plurality of (two in this ennbodinnent) electrothermal transducers (to be referred to as heat generating elements here- 
inafter) 2-1 and 2-2, and wiring electrodes 5-1, 5-2, and 5-3 are formed. "Heat nneans" comprises a plurality of heat 

5 generating elements corresponding to one ejection outlet. This is the same in the other embodiments as shown here- 
inafter. The heat generating elements are arranged in the ejection outlet array direction and used to apply thermal 
energy to a liquid to generate bubbles. At least one of the heat ger>erating elenr^ents can be driven independently The 
wring electrodes serve to apply electrical signals to the heat generating elements. A second liquid flow path <t)ubble 
generation liquid flow path) 16 is arranged above the element substrate 1, and a first liquid flow path (ejection liquid 

10 flow path) 14 directly communicating with an ejection outlet 18 is arranged above the second liquid flow path. The 
upstream side of the first liquid flow path 14 communicates with a first common liquid chamber 15 for supplying the 
ejection liquid to a plurality of first liquid flow paths. The upstream side of the second liquid flow path 16 communicates 
with a second common liquid chamber 17 for supplying the bubble generation liquid to a plurality of second liquid flow 
paths. A partition wall 30 consisting of an elastic material such as a metal and having a movable mernber 31 formed 

^5 thereon is arranged between the first and second liquid flow paths to separate the ejection liquid in the first liquid flow 
path 14 from the bubble generation liquid in the second liquid flow path 16. When the bubble generation liquid and the 
ejection liquid are not to be mixed with each other, the first liquid flow path 14 is preferably separated from the second 
liquid flow path 16 as perfectly as possible by using this partition wall. If, however, the bubble generation liquid and the 
ejection liquid are the same, or no problem is posed when the liquids are mixed with each other to some extent, the 

20 partition wall need not have a perfect separation function. Referring to Fig. 7, a grooved member 50 is a member 
obtained by integrally forming the wall of the first liquid flow path 14 and the ejection outlet 18. The grooved member 
50, the element substrate 1, and the partition wall 30 constitute the liquid ejecting head. 

A portion of the partition wall located in a projection space (to be referred to as an ejection pressure generation 
region hereinafter; a region A and a region B as a bubble generation region 11 in Fig. 11) above the surfaces of the 

25 heat generating elements 2-1 and 2-2 serves, with a slit 35, as the movable member 31 in the form of a cantilever, 
which has a free end on the ejection outlet side (the downstream side of the flow of the liquid flowing to the ejection 
outlet), and a fulcrum 33 on the common liquid chamber (15, 17) side (the downstream side of the flow of the liquid 
flowing to the ejection outlet). Since this movable member 31 is arranged to face the bubble generation region 11 (B), 
the member operates to open toward the ejection outlet side of the first liquid flow path upon generation of a bubble 

30 (in the direction indicated by the arrow in Fig. 7). In this case, by changing the drive conditions for the heat generating 
elements 2-1 and 2-2, the state of the bubble generated by the elements and the displacement anrxDunt of the movable 
member are changed, and hence the liquid ejection amount can be changed. 

The structural relationship between the liquid supply path 1 2 and the heat generating element 2 has been described 
above. This structural relationship is the same as that between the second liquid flow path 16 and a heat generating 

3S element 2 in this embodiment. In this embodiment, the second liquid flow path 16 comes to a dead end on the down- 
stream side from the heat generating elements. 

The operation of this head will be described next with reference to Figs. 9 to 11 . One of the characteristic features 
of the operation of the head of this embodiment is that gradation control can be performed. 

For the sake of easy understanding of the present invention, the same water-based ink is used as an ejection 

40 liquid to be supplied to the first liquid flow path 14 and a bubble generation liquid to be supplied to the second liquid 
flow path 16. 

Fig. 9 shows a state wherein both the heat generating elements 2-1 and 2-2 are OFF. In this case, the movable 
member 31 formed on the partition wall 30 undergoes no deformation, and the ejection amount is zero. 

Fig. 10 shows a state wherein only the heat generating element 2-1 of the heat generating elements 2-1 and 2-2 

45 is set in the ON state upon application of a driving signal (pulse) with a voltage 24 V and a pulse width of 5 ^is. The 
film boiling as disclosed in Japanese Patent Publication No. 61-69914 is caused by making the heat generated by the 
heat generating element 2-1 act on the bubble generation liquid filling the second liquid flow path 16, thereby generating 
a bubble. The movable rriember 31 is raised by bubble generation energy (pressure) at this time, so that the movable 
end of the movable member 31 displaces in the first liquid flow path 14 by an amount HI. The bubble enters the first 

50 liquid flow path 14 filled with the ejection ink through a gap corresponding to the amount HI . As a result, the bubble 
pressure wave mainly propagates toward the ejection outlet side of the first liquid flow path 14 to eject the ink by an 
ink amount VI. 

Fig. 11 showsa state wherein both the heat generating elements 2-1 and 2-2 are set in the ON state upon application 
of the same driving signal as that described above so as to heat the ink and generate a bubble. The bubble generation 
55 energy is larger than that in the case shown in Fig. 10. This bubble generation energy acts to raise the movable end 
of the movable member 31 by an amount H2. The displacement amount of the movable member 31 becorries the 
maximum amount. The bubble generated in the bubble generation region enters the first liquid flow path 14 filled with 
the ejection ink through a gap corresponding to the amount H2 to eject the ink by a maximum ejection amount V2. 
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Although not shown, when the heater sizes of the heat generating elements 2-1 and 2-2 are changed, and only 
the heat generating element 2-2 serves to generate a bubble, since the displacement amount of the movable member 
31 is different from the amounts HI and H2, an ejection amount different from the amounts VI and V2 can be obtained. 

As described above, according to the present invention, by changing the number or positions of heat generating 
elements to be driven, the displacement state of the movable member 31 , e.g.. the displacement amount, is changed 
to eject liquid droplets in different amounts. 

In the present invention, the ink can be ejected with higher ejection energy efficiency and a higher ejection pressure 
than in the conventional head owing to the above principle that the displacement of the movable member guides a 
bubble to the ejection outlet and the synergistic effect of such phenomena. 

As described above, with a plurality of heat generation elements arranged for one nozzle or movable member, 
and a combination of ON and OFF operations of the respective heat generating elements, the displacement amount 
of the movable member 31 can be controlled. 

With this operation, the ejection amount of ink from the first liquid flow path 14 can be controlled. As a result, 
recorded information can be expressed with gradation. 

With a plurality of heat generating elements, therefore, gradation expression can be attained. 

Table 1 shows the relationship between the ejection amount and a combination of ON and OFF operations of the 
respective heat generating elements of the head of this embodiment. 

The liquid ejecting head used in this embodiment is the one shown in Figs. 7 to 11. This head had a plurality of 
ejection outlets, each having a diameter of 34 ^m, arranged at a pitch of 70.5 ^im. The heat generating elements 2-1 
and 2-2 had the same size of 18 ^im X 100 ^im. The drive conditions were: a voltage of 24 V, a pulse width of 5 ^s, 
and a driving frequency of 200 Hz. In obtaining an ejection amount, the total amount of ink ejected 20,000 times in the 
driving mode of each heat generating element was divided by the number of times of ejection to obtain an average 
value. In this embodiment, the same water-based ink was used as a bubble generation liquid and an ejection liquid. 



25 






Table 1 








ON/OFF Operations of Heat Generating Elements 


Ejection Amount (ng) 






2-1 


2-2 




30 


(a) 


OFF 


OFF 


0 


(b) 


ON 


OFF 


40 




(c) 


ON 


ON 


80 


35 


(a) When both the heat generating elements 2-1 and 2-2 were OFF. the displacement amount of the movable 
member 31 was 0. and hence the ejection amount was also 0. 

(b) When only the heat generating element 2-1 is ON. the ejection amount was 40 ng. 

When both the heat generating elements 2-1 and 2-0 were ON, the displacement amount of the movable member 
31 was larger than that obtained when the only the heat generating element 2-1 was ON, and the ejection amount 
was 80 ng. 



40 



45 



SO 



55 



Referring to Fig. 12. the images formed in such ejection amounts are represented by the reflection densities. 
Since the reflection density is proportional to the ejection amount of ink. if the ejection amount of ink can be changed 

in four steps by combining ON/OFF operations of the two heat generating elements, reflection densities corresponding 

to four gradation levels can be obtained, as shown in Fig. 12. 

In the present invention, with the movable members, since the liquid ejection efficiency and ejection force are 

higher than those of the conventional liquid ejecting head as described above, even if small droplets are repeatedly 

ejected, stable ejection can be performed in a gradation recording operation performed by changing the ejection 

amount. 

In addition, as described above, since high speed refilling can be accomplished by the operations of the movable 
members, the liquid ejecting head of the present invention can be driven at a high speed. Furthermore, in the conven- 
tional liquid ejecting head, when heat generating elements are driven independently, the ejection direction may change. 
Figs. 13A and 13B show such a state. Fig. 13A shows a case wherein the heat generating element 2-1 on the right 
side with respect to the ejection outlet is driven. In this case, the liquid is ejected from the ejection outlet to the left side. 
As shown in Fig. 1 3B, when the heat generating element 2-2 on the left side with respect to the ejection outlet is driven, 
the liquid is ejected to the right side. In the liquid ejecting head of the present invention, with the movable member 31 , 
even if heat generating elements are driven independently, the bubble generation power is guided to the center of the 
ejection outlet to stabilize liquid ejection in terms of ejection direction regardless of the position of a heat generating 
element with respect to the liquid flow path. As described above, according to the present invention, since small droplets 
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can be stably ejected at a high ejection frequency, high-quality gradation recording can be performed at a high speed. 

Figs. 1 4A and 1 4B are sectional views of a liquid ejecting head according to the second embodiment of the present 
invention taken along the same directions as those of Figs. 18A and 18B described above (illustration of wiring elec- 
trodes is omitted in Figs. 14A and 14B). In the second embodiment, in order to eject smaller droplets, the two heat 
5 generating elements in the first embodiment have different shapes. In this embodiment, the size of a heat generating 
element 2-1 on the right side with respect to the election outlet is set to be 13 |im X 100 |am, and a heat generating 
element 2-2 on the left side with respect to the ejection outlet is set to be 23 ^im x 100 \im. That is, the heat generating 
element on the right side is set to be larger than the one on the left side. Note that the size of each movable member 
is set to be 40 pm X 21 0 iim. 

10 With this structure, in addition to the effects of the first embodiment described above, the ejection amount obtained 

when only the heat generating element 2-1 is driven decreases, and hence smaller droplets can be ejected. Since the 
difference between the ejection amount obtained by the heat generating element having a larger area and the ejection 
amount obtained by the heat generating element having a smaller area is large, a larger gradation expression range 
can be obtained. 

IS In this embodiment, the two heat generating elements are used, but three or more heat generating elements may 

be arranged along the ejection outlet arrangement direction. Figs. 15A and 158 show the third embodiment of the 
present invention in which two heat generating elements of a liquid ejecting head are arranged along the direction of 
the flow of a liquid flowing to the ejection outlet with respect to a movable member 31. Fig. 15A is a sectional view 
equivalent to Fig. 14A. Fig. 158 is a sectional view equivalent to Fig. 148. In this embodiment, two heat generating 

20 elements, each of which has a size of 40 |im x 50 ^m and can be driven independently, are arranged in a liquid flow 
path, and the movable member 31 having a size of 40 |im x 210 ^un is arranged therein. In this embodiment, the heat 
means also comprises a plurality of heat generating elements. In the embodiment as well, the deformation amount of 
the movable member 31 can be controlled by a combination of ON and OFF operations of the respective heat generating 
elements, and hence the ejection amount of ink can be controlled. Recorded information can therefore be expressed 

2S with gradation. In the embodiment, the heat generating elements are arranged along the direction of the flow of a liquid 
flowing to the ejection outlet. Owing to such an excellent layout, even if the width of the liquid flow path decreases with 
an increase in density in the liquid flow path, high-density gradation recording can be realized at a high speed. 

In this embodiment as well, if the heat generating elements are made to have different shapes, the difference 
between the maximum and minimum ejection amounts can be increased, thereby further expanding the gradation 

30 expression range. 

In addition, in this embodiment, the number of heat generating elements is set to be two. However, the present 
invention is not limited to this, and three or more heat generating elements may be arranged along the direction of the 
flow of a liquid flowing to the ejection outlet. 

Figs. 16A and 16B show the fourth embodiment of the present invention, in which a plurality of movable members 

35 31 are arranged with respect to one first liquid flow path and one ejection outlet. Fig. 16A is a sectional view equivalent 
to Fig. 15A. Fig. 168 is a sectional view equivalent to Fig. 158. In this embodiment, two heat generating elennents, 
each of which has a size of 18 ^im x 100 jim and can be driven independently, are arranged in parallel, and two 
movable members 31 as moving mechanisms, each having a size of 20 jim x 210 ^m, are arranged at positions 
corresponding to the heat generating elements. In this embodiment, the heat means also comprises a plurality of heat 

40 generating elements. In addition, a partition wall is arranged in a second liquid flow path to separate the bubble gen- 
eration regions formed by heat generating elements 2-1 and 2-2 from each other, thereby separating the secorK) liquid 
flow path into two second liquid flow paths 16-1 and 16-2. When a bubble is generated in the liquid in the second liquid 
flow path in which the heat generating element 2*1 is driven, the movable member 31-1 is greatly displaced toward 
the first liquid flow path by the pressure generated upon generation of this bubble. As a result, the bubble grows toward 

^5 the ejection outlet, and a predetermined amount of liquid is ejected from the ejection outlet by the pressure transferred 
to the first liquid flow path. When both the heat generating elements 2-1 and 2-2 are simultaneously driven, an ejection 
amount of liquid about twice that obtained when only the heat generating element 2-1 is driven can be obtained. 

Table 2 shows the average ejection amounts obtained by using the liquid ejecting head of the second embodiment 
under the following conditions: 

so 



driving signal: 


voltage 


24 V 




pulse width 


5 ^s 




driving frequency 


200 Hz 



using the same water-based ink as a bubble generation liquid and an ejection liquid. 
In obtaining an ejection amount, the total amount of ink consumed when liquid ejectbn was perforrrked -20,000 
times in the driving mode of each heat generating element was divided by the number of times of ejection to obtain an 
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Table 2 





ON/OFF Operations of Heat Generating Elements 


Ejection Amount (ng) 


2-1 


2-2 


(a) 


OFF 


OFF 


0 


(b) 


ON 


OFF 


40 


(c) 


ON 


ON 


80 



15 



20 



25 



30 



35 



40 



45 



SO 



55 



In this embodiment, two different amounts of liquid could be ejected in a very stable state as compared with the 
prior art, and ternary gradation recording could be performed with good gradation characteristics at a high speed. 

In addition, in this embodiment, since the second liquid flow path is divided into the two second liquid flow paths 
16-1 and 16-2, when the heat generating elements are driven independently, escaping of the bubble pressure toward 
the second liquid flow path wall (two sides) can be prevented, thereby more efficiently displacing the movable members 
31-1 and 31-2. Therefore, the ejection efficiency and the ejection force are further improved. As a result, the gradation 
stability can be further improved. 

Since the bubble generation region formed by each heal generating element is partitioned off by the partition wall 
38, bubble generating operations performed by the respective heat generating elements do not interfere with each 
other. For this reason, a bubble generation pressure loss caused by a slight bubble generation timing offset (caused 
by bubble generation/extinction in the bubble jet scheme of increasing/decreasing the pressure on the order of several 
^s to several tens ^is) when the two heat generating elements are simultaneously driven can be reduced, and the 
uniformity of ejection characteristics between nozzles or in ejection by each nozzle can be improved. 

In this embodiment, the two heat generating elements have the same size. However, these elements may have 
different sizes. 

In addition, in this embodiment, the two movable members have the same size. However, these members may 
have different sizes. 

Furthermore, in this embodiment, the respective movable members and heat generating elements are located at 
the same distance from the ejection outlet. However, these members may be located at different distances from the 
ejection outlet. 

Figs. 17A and 17B show the fifth embodiment of the present invention, in which a plurality of movable members 
31 are arranged with respect to one first liquid flow path and one ejection outlet, and two heat generating elements 
are arranged along the direction of the flow of a liquid flowing to the ejection outlet in correspondence with the respective 
movable members. Fig. 17A is a sectional view equivalent to Fig. ISA. Fig. 17B is a sectional view equivalent to Fig. 
16B. In this embodiment, two movable members 31 , each having a size of 20 nm x 210 ^m. are arranged in a liquid 
flow path in parallel with respect to the direction of the flow of a liquid flowing to the ejection outlet, and two pairs of 
heat generating elements, each having a size of 18 ^im x 50 ^m, are arranged along the direction of the flow of a liquid 
flowing to the ejection outlet in correspondence with the respective movable members. 

A partition wall 38 is arranged to separate the two pairs of heat generating elements (2-1 and 2-2, and 2-3 and 
2-4) arranged with respect to the respective movable members, and a common slit is formed between the respective 
movable members. 

With this structure, similar to the fourth embodiment, when each heat generating element is driven, escaping of 
the pressure to the second liquid flow wall (two sides) can be prevented. Therefore, there is no pressure loss caused 
by a bubble generation timing offset when the respective heat generating elements are simultaneously driven, and 
hence movable members 31-1 and 31-2 can be displaced more efficiently and stably 

In addition, with the two paris of heat generating elements arranged for the respective movable members, better 
gradation characteristics can be obtained. 

Furthermore, with the common slit between the respective movable members, movable members can be arranged 
at a high density and manufactured more easily. 

In this embodiment, the two heat generating elements are used with respect to the respective movable members. 
However, three or more heat generating elements may be used. Alternatively the number of heat generating elements 
for the respective movable members may be changed, as needed. 

Figs. ISA and 188 show the sixth embodiment of the present invention, in which one movable member is arranged 
for one first liquid flow path and one ejection outlet, and two heat generating elements are separated from each other 
by a partition wall. Fig. 18A is a sectional view equivalent to Fig. 17A. Fig. 188 is a sectional view equivalent to Fig. 
178. In this embodiment, a movable menr>ber having a size of 40 ^m x 210 pm is arranged, and two heat generating 
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elements, each having a size of 18 |im x 100 ^m. are arranged in the direction in which ejection outlet are arranged. 
In addition, a partition wall is arranged in a second liquid flow path to separate heat generating elements 2-1 and 2-2 
from each other, so that the second liquid flow path is divided into two second liquid flow paths 16-1 and 16-2. 

With this structure, similar to the fourth embodiment described above, when each heat generating element is 
5 driven, escaping of the pressure toward the second liquid flow path wall (two sides) can be prevented. With this effect 
and the like, each movable member 31 can be displaced efficiently and stably. 

With the movable member 31, even when the heat generating elements are driven independently, the bubble 
generation power is guided to the center of the ejection outlet, thereby stabilizing liquid ejection in terms of ejection 
direction. 

^0 Each of the first to sixth embodiments of the present invention has exemplified the liquid ejecting head having a 

two-flow-path structure including the first and second liquid flow paths. However, the present invention is not limited 
to this. As is apparent, the present invention can be equally applied to a liquid ejecting head having a single flow path 
structure in which a flow path is not divided by a partition wall as in the structure shown in figs. 2A to 2D, 3, 5, or 6. 
In the liquid ejecting head of each of the first to sixth embodiments, the liquid ejection efficiency and the ejection 

IS force are higher than those of the conventional liquid ejecting head. In addition, the ejection characteristics are stable, 
and the ejection direction precision is high, as described above. This effect is applied to a smoothing/recording tech- 
nique of improving the quality of line drawings and the like so as to realize a higher smoothing effect. Fig. 1 9A shows 
a straight line recorded with the same ejection amount. Figs. 1 9B and 1 9C show straight lines recorded with two different 
ejection amounts (large and small dots) and three different ejection amounts (large, intermediate, and small dots), 

20 respectively. By using two and three different ejection amounts, smoother straight lines an be recorded/expressed. It 
is difficult for the conventional liquid ejecting head to eject small droplets stably and properiy at desired positions. In 
contrast to this, the liquid ejecting head of the present invention can stably ejection several different amounts of liquid, 
and. have high precision in terms of ejection amounts and desired positions. For this reason, an effective smoothing 
operation can be performed. 

2S With this effect, character and graphic pattem edges can be smoothly and reliably reproduced to improve the print 

quality. 

In addition, since the liquid ejecting head having the structure according to each of the first to sixth embodiments 
has a plurality of heat generating elements, a pre-ejection operation, which is performed before a print operation to 
improve the print reliability, can be effectively performed. Fig. 20 is a flow chart showing a sequence from a print start 
30 to a print end in the liquid ejecting head of the first embodiment. When a print starting signal is output in a print standby 
condition, a pre-ejection operation is performed. Thereafter, a print operation is started. In order to prevent nozzles 
which are not currently used from clogging, a pre-ejection operation is performed even while a print operation is per- 
formed. A pre-ejection operation is performed several times to several thousands times at driving frequencies of several 
100 Hz to several kHz in accordance with the environment. In the present invention, the heat generating elements 2-1 
3S and 2-2 are simultaneously driven while these pre-ejection operations are performed to realize a highly reliable print 
operation without any ejection failure and the like even with a smaller number of times of ejection than in the prior art. 
Therefore, more reliable print quality can be efficiently achieved. 

As described above, according to the ejecting method, liquid ejecting head, and the like of the present invention, 
which have a plurality of heat generating elements and movable members with respect to a liquid flow path, in additkDn 
40 to the structure based on the new ejection principle, gradation images with high stability and high ejection direction 
precision can be realized, and images with very high quality can be obtained owing to the movable members. 

In addition, gradation is realized by ejection amount modulation, and excellent ejection characteristics such as 
refilling characteristics can be maintained. 

Furthermore, with the above effects, images such as curves and oblique lines can be realized with smooth lines, 
45 and the quality of images such as characters and graphic patterns can be improved. 

Similarly, with the above effects, since the ejection reliability can be improved, pre-ejection immediately before a 
print operation can be performed with a very small number of times of liquid ejection within a short period of time. 

<Other Embodiments> 

so 

In the foregoing, the description has been made as to the major parts of the liquid ejecting head and the liquid 
ejecting method according to the embodiments of the present invention. A description will now be made as to further 
detailed embodiments usable with the foregoing embodiments. The following examples are usable with both of the 
single-flow-path type and two-flow-path type unless otherwise specified. 

55 

<Positional Relationship between Second Liquid Flow Path and Movable Member> 

Figs. 21 A to 21 C are illustrations of a positional relationship between the above-described movable member 31 
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and second liquid flow path 16, in which Fig. 21 A is a view of the nnovable member 31 position of the partition wall 30 
as seen from the above, and Fig. 21 B is a view of the second liquid flow path 16 seen from the above without partition 
wall 30. Fig. 21 C is a schematic view of the positional relationship between the movable member 6 and the second 
liquid flow path 16 wherein the elements overlap each other. In Figs. 21 A to 21 C, the lower side of each drawing 

5 indicates a front side where the ejection outlets are formed. 

The second liquid flow path 1 6 of this embodiment has a throat portion 1 9 on the upstream side of a heat generating 
element 2-2 (this upstream side is the upstream side in a large flow of the liquid from the second common liquid chamber 
side to the ejection outlet through the heat generating element position, the movable member position, and the first 
flow path) so as to provide a chamber (bubble generation chamber) effective to suppress easy release of the pressure 

10 produced toward the upstream side upon the bubble generation in the second liquid flow path 16. A similar structure 
is obtained in Fig. 1 7 described above, and upstream and downstream throat portions 1 9 are formed in the embodiment 
of Figs. 1 4 to 20. 

In the conventional head wherein the flow path where the bubble generation occurs and the flow path from which 
the liquid is ejected, are the same, and a throat portion is provided to prevent the release of the pressure generated 

15 by the heat generating element toward the liquid chamber, the cross-sectional area of the throat portion should not be 
too small in consideration of the sufficient refilling of the liquid. 

However, in this embodiment, most of the liquid to be ejected can serve as a liquid from the first liquid flow path, 
and the bubble generation liquid in the second liquid flow path having the heat generating element is not much con- 
sumed, so that the filling amount of the bubble generation liquid to the bubble generation region 11 may be small. 

20 Therefore, the clearance at the throat portion 19 can be made very small, for example, as small as several jim to ten- 
odd |im, so that the release of the pressure produced in the second liquid flow path can be further suppressed and to 
further concentrate it on the movable member side. The pressure can be used as the ejection force through the movable 
member 31, and therefore, a high ejection efficiency and a large ejection force can be accomplished. The shape of 
the second liquid flow path 16 is not limited to the one described above, but may be any if the pressure produced by 

25 the bubble generation is effectively transmitted to the movable member side. 

As shown in Fig. 21 C, the sides of the movable member 31 cover respective parts of the walls constituting the 
second liquid flow path so that the falling of the movable member 31 into the second liquid flow path is prevented. By 
doing so, the above-described separation between the ejection liquid and the bubble generation liquid is further en- 
hanced. Furthermore, the release of the bubble through the slit can be suppressed so that ejection pressure and 

30 ejection efficiency are further increased. Moreover, the above-described effect of the refilling from the upstream side 
by the pressure upon collapse of the bubble can be further enhanced. 

In Figs. 10 and 11, a part of the bubble generated in the bubble generation region of the second liquid flow path 
4 with the displacement of the movable member 6 to the first liquid flow path 1 4 side, extends into the first liquid flow 
path 14 side. By selecting the height of the second flow path to permit such extension of the bubble, the ejection force 

35 is further improved as compared with the case without such extension of the bubble. To extend the bubble into the first 
liquid flow path 14, the height of the second liquid flow path 16 is preferably lower than the height of the maximum 
bubble, and preferably several jam to 30 |am, for example. In this embodiment, the height is 15 |im. 
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<Movable Member and Partition Wall> 



Figs. 22A to 22C show other examples of the movable member 31, wherein reference numeral 35 designates a 
slit formed in the partition wall, and the slit is effective to provide the movable member 31. In Fig. 22A, the movable 
member has a rectangular shape, and in Fig. 22B. it is narrower in the fulcrum side to facilitate the operation of the 
movable member, and in Fig. 22C, it has a wider fulcrum side to enhance the durability of the movable member. The 
45 shape narrowed and arcuated at the fulcrum side is desirable as shown in Fig. 22A, since both of operational facilitation 
and durability are satisfied. However, the configuration of the movable member is not limited to the one described 
above, but it may have any shape if it does not enter the second liquid flow path side, and operational facilitation with 
high durability is achieved. 

In the foregoing embodiments, the plate or film movable member 31 and the separation wall 5 having this movable 
50 member was made of nickel having a thickness of 5 pm, but is not limited to this example, but it may be any if it has 
anti-solvent properties against the bubble generation liquid and the ejection liquid, and if the elasticity is enough to 
permit the operation of the movable member, and if the required fine slit can be formed. 

Preferable examples of the materials for the movable member include highly durable materials such as a metal 
such as silver, nickel, gold, iron, titanium, aluminum, platinum, tantalum, stainless steel, or phosphor bronze, an alby 
thereof, a resin material having a nitrile group such as acrylonitrile, butadiene, or styrene, a resin material having an 
amide group such as polyamide, a resin material having a carboxyl group such as polycarbonate, a resin material 
having an aWehyde group such as polyacetal, a resin material having a sulfone group such as polysulfone. a resin 
material such as a liquid crystal polymer, and a compound thereof; and materials having a high resistance to ink, such 
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as a metal such as gold, tungsten, tantalum, nickel, stainless steel, or titanium, an alloy thereof, a material coated with 
such a metal, a resin material having an amide group such as polyamide, a resin material having an aldehyde group 
such as polyacetal, a resin material having a ketone group such as potyether ether ketone, a resin material having an 
imide group such as polyimide, a resin material having a hydroxy! group such as phenolic resin, a resin material having 
an ethyl group such as polyethylene, a resin material having an alkyi group such as polypropylene, a resin material 
having an epoxy group such as epoxy resin, a resin material having an amino group such as melamine resiri, a resin 
material having a methylol group such as xylene resin, a compound thereof, a ceramic material such as silicon dioxide, 
and a compound thereof. 

Preferable examples of the partition or division wall include resin materials having a high heat and solvent resist- 
ance and high molding properties, and more particularly recent engineering plastic resin materials such as polyethylene, 
polypropylene, polyamide, polyethylene terephthalate, melamine resin, phenolic resin, epoxy resin, polybutadiene, 
polyurethane, polyether ether ketone, polyether sulfone, poiyarylate, polyimide, polysulfone. a liquid crystal polymer 
(LCP), a compound thereof, a metal such as silicon dioxide, silicon nitride, nickel, gokj. stainless steel, an alloy thereof, 
a compound thereof, and a material coated with titanium or gold. 

The thickness of the separation wall is determined depending on the material used and shape from the viewpoint 
of sufficient strength as the wall and sufficient operability as the movable member, and generally, about 0.5 \im to 10 
^m is desirable. 

The width of the slit 35 for providing the movable member 31 is 2 nm in the embodiments. When the bubble 
generation liquid and ejection liquid are different materials, and mixing of the Iquids is to be avoided, the gap is so 
determined as to form a meniscus between the liquids, thus avoiding mixing therebetween. For example, when the 
bubble generation liquid has a viscosity of about 2 cps, and the ejection liquid has a viscosity of 100 cps or more, a 
slit of about 5 |im is enough to avoid the liquid mixing, but 3 ^m or less is desirable. 

If a slit on the order of several ^m is used as the slit for providing a substantially sealed state in the present 
invention, a more reliable structure can be obtained. 

<Element Substrate> 



A description will be made for the structure of an element substrate provided with a heat generating element for 
heating a liquid. 

Figs. 23A and 23B are longitudinal sectional views of a liquid ejecting head according to the present invention, in 
which Fig. 23A shows a head with a protection layer (to be described later), and Fig. 23B shows a head without a 
protection layer. 

Figs. 23A and 23B show the longitudinal section of the embodiment shown in Figs. 8A and 88 and the like, and 
only one of a plurality of heat generating elements is illustrated on the longitudinal section. 

On the element substrate 1, a grooved member 50 is mounted, the member 50 having second liquid flow paths 
16. separation walls 30, first liquid flow paths 14, and grooves for constituting the first liquid flow'path. 

The element substrate 1 has a patterned wiring electrode (0.2 to 0.1 ^m thick) of aluminum or the like and a 
patterned electric resistance layer 105 (0.01 to 0.2 ^m thick) of hafnium boride (HfB2), tantalum nitride (TaN), tantalum 
aluminum (TaAl) or the like constituting the heat generating element on a silicon oxide film or silicon nitride film 106 
for insulation and heat accumulation, which in turn is on the substrate 107 of silicon or the like. A voltage is applied to 
the resistance layer 105 through the two wiring electrodes 104 to flow a current through the resistance layer to effect 
heat generation. Between the wiring electrodes, a protection layer of silicon oxide, silicon nitride or the like of 0.1 to 
2,0 \xm thick is provided on the resistance layer, and in addition, an anti-cavitation layer of tantalum or the like (0.1 to 
0.6 pm thick) is formed thereon to protect the resistance layer 105 from various liquids such as an ink. 

The pressure and shock wave generated upon the bubble generation and collapse is so strong that the durability 
of the oxide film which is relatively fragile is deteriorated. Therefore, a metal material such as tantalum (Ta) is used as 
the anti-cavitation layer. 

The protection layer may be omitted depending on the combination of liquid, Ik^uid flow path structure and resist- 
ance material. One of such examples is shown in Fig. 23B. The material of the resistance layer not requiring the 
protection layer, includes, for example. Iridium-lantalum-aluminum alloy or the like. Thus, the structure of the heat 
generating element in the foregoing embodiments may include only the resistance layer (heat generation portion) or 
may include a protection layer for protecting the resistance layer. 

In the embodiment, the heat generating element has a heat generation portk>n having the resistance layer which 
generates heat in response to the electric signal. The element is not limited to this, and it will suffice if a bubble enough 
to eject the ejection liquid is created in the bubble generation liquid. For example, the heat generation portion may be 
in the form of a photothermal transducer which generates heat upon receiving light such as a laser beam, or the one 
which generates heat upon receiving high-frequency wave. . . 

On the element substrate 1, functional elements such as a transistor, a diode, a latch, and a shift register for 
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selectively driving the element may also be integrally built in, in addition to the resistance layer 105 constituting the 
heat generating element and the constituted by the wiring electrode 1 04 tor supplying the electric signal to the resistance 
layer. 

In order to eject the liquid by driving the heat generation portion of the on the above-described element substrate 
1, the resistance layer 105 is supplied through the wiring electrode 104 with rectangular pulses as shown in Fig. 24 
from a drive selection means 150 to cause instantaneous heat generation in the resistance layer 105 between the 
wiring electrodes. In the heads of the foregoing embodiments, the applied energy has a voltage of 24 V, a pulse width 
of 7 ^isec. a current of 150 mA and a frequency of 6 kHz to drive the heat generating element, by which the liquid ink 
is ejected through the ejection outlet through the process described hereinbefore. 

Referring to Figs. 23A and 23B, "31 a" and "31 b" indicate how the movable member is displaced upon generation 
of a bubble by the above bubble generation unit. 

The movable member 31 can be displaced by different amounts by selectively driving the heat generating elements 
2-1 and 2-2. as indicated by "31 a" and "31b". With this operation, the ejection state such as the ejection amount can 
be changed. In addition, the ejection state can be changed to a certain degree by changing the above drive conditions, 
>5 i.e., the voltage and the pulse width. 

<Head Structure of Two Flow Paths> 

A description will be made for a structure of the liquid ejecting head with which different liquids are separately 
20 accommodated in first and second common liquid chambers, and the number of parts can be reduced so that the 
manufacturing cost can be reduced. 

Fig. 25 is a schematic view of such a liquid ejecting head. The same reference numerals as In the previous em- 
bodiment are assigned to the elements having the corresponding functions, and a detailed description thereof is omitted 
for simplicity. 

25 In this embodiment, a grooved member 50 has an orifice plate 51 having an ejection outlet 18, a plurality of grooves 

for constituting a plurality of first liquid flow paths 14 and a recess for constituting the first common liquid chamber 15 
for supplying the liquid (ejection liquid) to the plurality of liquid flow paths 14. 

A separation wall 30 is mounted to the bottom of the grooved member 50 by which plurality of first liquid flow paths 
14 are formed. Such a grooved member 50 has a first liquid supply path 20 extending from an upper position to the 
30 first common liquid chamber 15. The grooved member 50 also has a second liquid supply path 21 extending from au 
upper position to the second common liquid chamber 17 through the separation wall 30. 

As indicated by an arrow C in Fig. 25, the first liquid (ejection liquid) is supplied through the first liquid supply path 
20 and first common liquid chamber 15 to the first liquid flow path 14, and the second liquid (bubble generation liquid) 
is supplied to the second liquid flow path 16 through the second liquid supply path 21 and the second common liquid 
3S chamber 17 as indicated by arrow D in Fig. 25. 

In this example, the second liquid supply path 21 is extended in parallel with the first liquid supply path 20, but is 
not limited to this, but it may be any if the liquid is supplied to the second common liquid chamber 17 through the 
separation wall 30 outside the first common liquid chamber 15. 

The (diameter). of the second liquid supply path 21 is determined in consideration of the supply amount of the 
second liquid. The shape of the second liquid supply path 21 is not limited to be circular or round but may be rectangular 
or the like. 

The second common liquid chamber 17 may be formed by dividing the grooved by a separation wall 30. As for the 
method of forming this, as shown in Fig. 26 which is an exploded perspective view, a common liquid chamber frame 
and a second liquid path wall may be formed of a dry film, and a combination of a grooved member SO having the 
separation wall fixed thereto and the element substrate 1 may be bonded, thus forming the second common liquid 
chamber 17 and the second liquid flow path 16. 

In this example, the element substrate 1 is constituted by providing the supporting member 70 of a metal such as 
aluminum with a plurality of elements as heat generating elements for generating heat for bubble generation from the 
bubble generation liquid through film boiling. 

Above the element substrate 1, there are disposed the plurality of grooves constituting the liquid flow path 16 
formed by the second liquid path walls, the recess for constituting the second common liquid chamber (common bubble 
generation liquid chamber) 17 which is in fluid communication with the plurality of bubble generation liquid flow paths 
for supplying the bubble generation liquid to the bubble generation liquid paths, and the separation or dividing walls 
30 having the movable walls 31 . 

Designated by reference numeral 50 is a grooved member. The grooved member is provided with grooves for 
constituting the ejection liquid flow paths (first liquid flow paths) 1 4 by bonding the separation walls 30 thereto, a recess 
for constituting the first common liquid chamber (common ejection liquid chamber) 15 for supplying the ejection liquid 
to the ejection liquid flow paths, the first supply path (ejection liquid supply path) 20 for supplying the ejection liquid to 
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the first common liquid chamber, and the second supply path (bubble generation liquid supply path) 21 for supplying 
the bubble generation liquid to the second supply path (bubble generation liquid supply path) 21 . The second supply 
path 21 is connected with a fluid communication path in fluid communication with the second common liquid chamber 
17, penetrating through the separation wall 30 disposed outside the first common liquid chamber 1 5. 8y the provision 
s of the fluid communication path, the bubble generation liquid can be supplied to the second common liquid chamber 
1 5 without mixing with the ejection liquid. 

The positional relationship among the element substrate 1 , separation wall 30, grooved top plate 50 is such that 
the movable members 31 are arranged corresponding to the heat generating elements on the element substrate 1, 
and that the ejection liquid flow paths 14 are arranged corresponding to the movable members 31 . In this embodiment, 
10 one second supply path is provided for the grooved member, but it may be plural in accordance with the supply amount. 
The cross-sectional area of the flow path of the ejection liquid supply path 20 ar»d the bubble generation liquid supply 
path 21 may be determined in proportion to the supply amount. 

By the optimization of the cross-sectional area of the flow path, the parts constituting the grooved member 50 or 
the like can be downsized- 

1$ As described in the foregoing, according to this embodiment, the second supply path for supplying the second 

liquid to the second liquid flow path and the first supply path for supplying the first liquid to the first liquid flow path, can 
be provided by a single grooved top plate, so that the number of parts can be reduced, and therefore, the reduction of 
the manufacturing steps and therefore the reduction of the manufacturing cost, are accomplished. 

Furthermore, the supply of the second liquid to the second common liquid chamber in fluid communication with 

20 the second liquid flow path, is effected through the second liquid flow path which penetrates the separation wall for 
separating the first liquid and the second liquid, and therefore, one bonding step is enough for the bonding of the 
separation wall, the grooved member and the heat generating element substrate, so that the manufacturing is facilitated, 
and the accuracy of the bonding is improved. ' _ 

Since the second liquid is supplied to the second liquid common liquid chamber, extending through the separation 

^5 wall, the supply of the second liquid to the second liquid flow path is assured, and therefore, the supply amount Is 
sufficient so that the stable ejection is accomplished. 

<Ejection Liquid and Bubble Generation Liquid> 

30 As described in the foregoing embodiment, according to the present invention, by the structure having the movable 

member described above, the liquid can be ejected at higher ejection force or ejection efficiency than the conventional 
liquid ejecting head. When the same liquid is used for the bubble generation liquid and the ejection liquid in each of 
the embodiments described above, it is possible that the liquid is not deteriorated, and that deposition on the heat 
generating element due to heating can be reduced. Therefore, a reversible state change is accomplished by repeating 

36 evaporation and condensation. So, various liquids are usable, if the liquid is the one not deteriorating the liquid flow 
path, movable member or separation wall or the like. 

Among such liquids, an ink having the ingredient as used in conventional bubble jet device, can be used as a 
recording liquid. 

When the two-flow-path structure of the present invention is used, different liquids can be used for the ejection 
40 and bubble generation liquids. It is possible to eject a liquid which is difficult to eject, by using bubbles of the bubble 
generation liquid. In this manner, when different ejection liquid and bubble generation liquid are used, the bubble gen- 
eration liquid having the above-described properties is used, and more particularly, the examples includes: methanol, 
ethanol, n-propanol, tsopropanol. n-hexane, n-heptane, n-octane^ toluene, xylene, methylene dichloride. Trichloroeth- 
ylene, FreonTR FreonBF, ethyl ether, dioxane, cyclohexane, methyl acetate, ethyl acetate, acetone, methyl ethyl ke- 
45 tone, water and a mixture thereof. 

As for the ejection liquid, various liquids are usable without paying attention to the degree of bubble generation 
property or thermal property. The liquids which have not been conventionally usable, because of poor bubble generation 
property and/or easiness of property change due to heat, are usable. 

However, it is desired that the ejection liquid by itself or by reaction with the bubble generation liquid, does not 
50 impede the ejection, the bubble generation or the operation of the movable member or the like. 

As for the recording ejection liquid, a highly viscous ink or the tike is usable. As for another ejection liquid, 
phamaceuticals and perfume or the like having a nature easily deteriorated by heat is usable. 

The ink of the following ingredient was used as the recording liquid usable for both the ejection liquid and the 
bubble generation liquid, and the recording operation was carried out. Since the ejection rate of the ink is increased. 
55 the shot accuracy of the liquid droplets is improved, and therefore, highly desirable images were recorded. Dye ink 
viscosity of 2 cps 
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(C. 1. hood black 2) dye 


3wt% 


diethylene glycol 


10 wt% 


Thiodiglycol 


5wt% 


Ethanol 


3wt% 


Water 


77 wt% 



10 



Recording operations were also carried out using the following combination of the liquids for the bubble generation 

Sr^^r' I'''"'''- "^"'^ ""^'"9 ^ °' '«"-<^^ ^-^^ -able to be e Sed 

heretofore, was properly ejected, and even a 150-cps liquid was properly ejected to provide a high<,uality image. 
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30 



Bubble generation liquid 1 
Et:hanol 
Watrer 

Bubble generation liquid 2 
Water 

Bubble generation liquid 3 

Isopropyl alcohol 

Water 
Ejection liquid 1 

(pigment Ink approx. 15 cps) 



40 wt% 
60 wt% 

100 wt% 

10 wt% 
90 wt% 



3S 



40 



45 



SO 
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Carbon black 5 wt% 
Styrene - acrylic acid - acrylate ethyl 
copolymer (oxidation 140, average molecular 

weight 8000) 1 wt% 

Monoethanol amine 0.25 wt% 

Glycerin 69 wt% 

Thiodiglycol 5 wt% 

Ethanol 3 wt% 

Water . 16.75 wt% 

Ejection liquid 2 (55 cps ) 

Polyethylene glycol 200 100 wt% 

Ejection liquid 3 (150 cps) 

Polyethylene glycol 600 100 wt% 



In the case of the liquid which has not been easily ejected, the ejection rate is low. and therefore, the ejection 
30 direction varies with the result of poor dot landing accuracy on the recording paper. Additionally, an ejection amount 
varies due to the ejection instability thus disabling recording of a high-quality image. However, according to the em- 
bodiments, the use of the bubble generation liquid permits sufficient and stabilized generation of the bubble. Thus, the 
improvement in the landing accuracy of the liquid droplet and the stability of the ink ejection amount can be accom- 
plished, thus Improving the recording image quality remarkably According to the present invention, good gradation 
3S recording can be achieved even in use of the above-described liquid which is difficult to conventionally eject. 

<Liquid Ejection Head Cartridge> 

A description will be made for a liquid ejection head cartridge having a liquid ejecting head according to an em- 
40 bodiment of the present invention. 

Fig. 27 is a schematic exploded perspective view of a liquid ejection head cartridge including the above<tescribed 
liquid ejecting head, and the liquid ejection head cartridge comprises generally a liquid ejecting head portion 200 and 
a liquid container BO. 

The liquid ejecting head portion 200 comprises an element substrate 1, a separation wall 30, a grooved member 
45 50, a counter spring 70, a liquid supply member 90, and a supporting member 70. The element substrate 1 is provided 

with a plurality of heat generating resistors for supplying heat to the bubble generation liquid, as described hereinbefore. 

A bubble generation liquid path is formed between the element substrate 1 and the separation wall 30 having the 

movable wall. By joining the separation wall 30 and the grooved top plate 50, an ejection flow path (not shown) for fluid 

communication with the ejection liquid is formed. 
50 The counter spring 70 functions to urge the grooved member 50 to the element substrate 1, and is effective to 

properly Integrate the element substrate 1, separation wall 30, the grooved member 70, and a supporting member 70 

which will be described hereinafter. 

The supporting member 70 functions to support the element substrate 1 or the like, and the supporting member 

70 has thereon a circuit board 71 connected to the element substrate 1 to supply the electric signal thereto, and contact 
55 pads 72 for electric signal transfer to the device side when the cartridge is mounted on the apparatus. 

The liquid container 90 contains the ejection liquid such as an ink to be supplied to the liquid ejecting head arid 

the bubble generation liquid for bubble generation, separately A positioning portion 94 for mounting a connecting 

member for connecting the liquid ejecting head with the liquid container and a fixing shaft 95 for fixing the connection 
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pomon are disposed outs.de the liquid container 90. The ejection liquid is supplied to the ejection liquid supply path 
VJo% l^^^y ®° ^ ^"PP'y °' connecting member from the ejection liquS^supply 

S?» H o f I?" ^"PP'ied to a first common liquid chamber through the ejection liquid supply paths 

83 and 21 of the members via the circuit board 71. The bubble generation liquid is similarly supplied to the bubble 

f^rnm .hfc" V I'oSf fi' f '"^"'^ ""P^'^ "'^'"''"^ ^° ^"PP'y P^'*^ °' ^^'^ Connecting member 

from the supply path 93 of the liquid container, and is supplied to the second liquid chamber through the bubble qen- 
eration liquid supply paths 84 and 22 of the members via the circuit board 71 » y 

.i«niil '5"'" "^^"^ ^'^"dse. even if the bubble generation liquid and the ejection liquid are different 

.quids, the liquids are supplied in good order. In the case that the ejection liquid and the bubble generation liquid are 
the same, the supply paths for the bubble generation liquid and the ejection liquid need not be separated 
.ho trlZ !!f l"'""^ " u.*^® '"^y be supplied with the respective liquids. To facilitate this supply 

Le'iS^oray ^ '"'^^''^ "^"''^ ^-'^ -.ainer^y 

'5 <Liquid Ejecting Device> 
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K 1'* ^ schematic illustration of a liquid ejecting device used with the above-described liquid ejectinq head In 
this embodiment, the ejection liquid is an ink. and the apparatus is an ink ejection recording iparL ?he "quiS 

20 JSZI TlTnlT'l^ ^L'^^' '° "^'""^ '^^^ '^^'^"^S^ comprising a liquid container portion 90 and liquid 
20 ejecting head portion 200 which are detachably connectable with each other, is mountable. The carriage HC is rec^j 

rer!:,rn:prnrrar°""^ 

mo, ^hnl! t*^'"^ ^'T^ 1- "T""'' *° '"^""'"^ ""^^"^ °" ^=^^"^9° 3 driving signal supply means 

2S Sal ^ ^° ^"^ " '° ""^'^"^^ ^^^'^ '«sP°"=e to thJ 

m«,JI^ I''^"'" ^'k^''"^ ^PP«^at"s o' this embodiment includes a motor 11 1 as a driving source for driving the recording 

Zl^nT"''T^ ^TT" ^"^ transmitting the power from the drting source to 

deviS 3; ? '^T^' ^""^^'''"a ^^"'■'^^ "^"*d ^j^^«"9 '^^'^^ "Sins this recording 

device, good prints can be provided by ejecting the liquid to the various recording materials 

.K r ^ "'^^ram describing the general operation of an ink ejection recording apparatus which employs 

the l.qu.d eject.on method, and the liquid ejection head, in accordance with the present inventbn 

The recording apparatus receives printing data in the form of a control signal from a host computer 300 The 
pr.nt.ng data ,s emporarily stored in an input interface 301 of the printing apparatus, and at the same t^e is converted 
T r^.\'nf " "^'^ '° '"P""^^ '° ^ Which also se.ves as a means for supplying a head drying sig^af 

il ^^""^ '"'''^ °' P^°9rams stored in a ROM 

Further, .n order to record the image data onto an appropriate spot on a recording sheet, the CPU 302 qenerates 

S^^oLTa htn H r '^v^' T ^^"'"3 transmitted to a head 260 and a drling motor 3^ 

InTmaae fhT' T ^ '"^^"^.^"^^^ respectively, which are controlled with the proper timings for forming 
an image Note that a signal representing a specific combination with which a plurality of heai generating elements are 
re'cord^g '° °^ .0 Sve g.^^^^ 

aooa'iJtliTslh « fh? "'^J'^"^'. »° a such as an ink is applied, and whteh is usable with a recording 

apparatus such as the one described above, the following can be listed; various sheets of paper OHP sheets' a plastic 

ZTZr'^VT'""'? "°rT P'"'"^- °' « -etallic'materiarsucTas aluminum 

o pZ^ I hl^r T '^'^ °^ ^ ^ "^'"''^^ '^-•^rial such as solid wood. 

di^t^Sfal st^uctr ' ' """" ^ ' ^"^^ - ^P-9e which has a three: 

« TP Jo^Hil°?'"^"'?"^'^ apparatus includes a printing apparatus for various sheets of paper or OHP sheet 

a recording apparatus for a plastic material such as plastic material used for forming a compact disk or the Nke a 
for atT''"?" ^ ' °' " "'=°^'*"9 apparatus for a leather material.'a 1^ din" Ippa ratuS 

rLrdTo meS^uth^ n ' " ^^°^'^*"9 apparatus for a three^'imensiona! 

recording rried um such as sponge, a textile pr.nt.ng apparatus for recording images on fabric, and the like 

As for the liquid to be used with these liquid ejection apparatuses, any liquid is usable as long as it is compatible 
wrth the employed recording medium, and the recording conditions. e as -ong as it is compatiDie 
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<Recordtng System> 

Next, an exemplary ink jet recording system will be described, which records images on a recording medium, 
using, as the recording head, the liquid ejection head in accordance with the present invention. 
5 Fig. 30 Is a schematic perspective view of an ink jet recording system employing the aforementioned liquid ejection 

head 201 in accordance with the present invention, and depicts its general structure. The liquid ejection head in this 
embodiment is a full-line type head, which comprises plural ejection orifices aligned with a density of 360 dpi so as to 
cover the entire recordable range of the recording medium 150. It comprises four heads, which are correspondent to 
four colors; yellow (Y), magenta (M), cyan (C) and black (Bk). These four heads are fixedly supported by a holder 202. 
10 in parallel to each other and with predetermined intervals. 

These heads are driven in response to the signals supplied from the head driver 307, which constitutes a means 
for supplying a driving signal to each head. 

Each of the four color inks (Y M, C and Bk) is supplied to a correspondent head from an Ink container 204a, 204b, 
205c or 204d. A reference numeral 204e designates a bubble generation liquid container from which the bubble gen- 
1^ eration liquid is delivered to each head. 

Below each head, a head cap 203a, 203b. 203c or 203d is disposed, which contains an ink absorbing member 
composed of sponge or the like. The caps cover the ejection orifices of the corresponding heads, protecting the heads, 
and also allow maintenance of the heads during a non-recording period. 

A reference numeral 206 designates a conveyor belt, which constitutes a means for conveying the various recording 
20 media such as those described in the preceding embodiments. The conveyor belt 206 is routed through a predetermined 
path by various rollers, and is driven by a driver roller connected to the motor driver 305. 

The ink jet recording system in this embodiment comprises a pre-printing processing apparatus 251 and a post- 
printing processing apparatus 252, which are disposed on the upstream and downstream sides, respectively, of the 
ink jet recording apparatus, along the recording medium conveyance path. These processing apparatuses 251 and 
^5 252 process the recording medium in various manners before and after recording, respectively 

The pre-printing process and the post-printing process vary depending on the type of recording medium, or the 
type of ink. For example, when recording medium composed of a metallic material, plastic material, ceramic material 
or the like Is employed, the recording medium is exposed to ultraviolet rays and ozone before printing to activate Its 
surface, thereby improving the ink adhesion properties. When a recording medium made of a plastic material or the 
30 like which tends to cause static electricity is used, dust tends to adhere to its surface because of the static electricity 
A proper recording operation may not be performed because of this dust. For this reason, an ionizer may be used in 
the pre-printing process to remove the static electricity from the recording medium, thereby removing the dust from 
the medium. In addition, when a textile medium is used as a recording medium, it suffices to perform a pre-printing 
process of applying a material selected from the group consisting of an alkaline material, a water-soluble material, a 
35 synthetic polymer, a water-soluble metal salt, urea, and thiourea to the textile medium so as to prevent blurring and 
improve the adhesion properties. The pre-printing process is not limited to this. For example, a process of setting the 
temperature of a recording medium to a temperature suitable for a recording operation may be performed. 

The post-printing process includes a heat treatment for a recording medium to which an ink is applied, a fixing 
process of fixing the ink by ultraviolet irradiation or the like, a process of cleaning an unreacted agent left after the pre- 
40 printing process, and the like. 

In this embodiment, a full-line head is used. However, the present invention is not limited to this, and may be 
applied to a recording form in which a small head like the one described above is conveyed along the direction of width 
of a recording medium. 

45 <Head K(t> 

Hereinafter, a head kit will be described, which comprises the liquid ejection head in accordance with the present 
invention. Fig. 31 Is a schematic view of such a head kit. This head kit is in the form of a head kit package 501 which 
contains: a head 510 of the present invention, which comprises an ink ejection section 511 for ejecting ink; an ink 
so container 520, that is. a liquid container which Is separable, or nonseparable, from the head; and an ink filling means 
530, which holds the ink to be filled into the ink container 520. 

After the ink in the ink container 520 is used up. the tip 530 (in the form of a hypodermic needle or the like) of the 
ink filling means is inserted into an air vent 521 of the ink container, the junction between the ink container and the 
head, or a hole formed through the ink container wall, and the ink within the ink filling means is filled into the ink container 
55 through this tip 531 . 

When the liquid ejection head, the ink container the Ink filling means, and the like are available in the form of a 
kit contained in the kit package, the ink can be easily filled into the empty Ink container as described above; therefore, 
recording can be quickly restarted. 
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In this embodiment, the head kit contains the ink filling means. However, it is not mandatory for the head kit to 
contain the ink filling means; the kit may contain an exchangeable type ink container filled with the Ink, and a head. 

Even though Fig. 31 illustrates only the ink filling means for filling the printing ink into the ink container, the head 
kit may contain a means for filling the bubble generation liquid into the bubble generation liquid container, in addition 
5 to the printing ink refilling means. 

According to the above liqukJ ejecting method, head, and the like of the present invention based on the novel 
ejection principle using movable members, the synergistic effect of a generated bubble and a movable member dis- 
placed thereby can be obtained, and the liquid near the ejection outlet can be efficiently ejected. For this reason, the 
ejection force and the ejection efficiency can be improved as compared with those in the conventional bubble jet ejecting 
fO method, head, and the like. Therefore, even droplets in small ejection amounts can be stably ejected. 

According to the present invention, in particular, a plurality of heat generating elements which can be driven inde- 
pendently are arranged for one movable member, or a plurality of movable members are arranged In one liquid flow 
path (first liquid flow path). With this structure, the ejection amount of liquid can be controlled, and a liquid droplet 
having a desired volume can be ejected. In addition, ejection of small droplets of small ejection amounts, which is 
>5 difficult to perform in the prior art, can be stably performed at a high frequency Therefore, a high-gradation recording 
operation can be performed at a high speed. 

In addition, according to a characteristic feature of the present invention, even if a liquid ejecting head is left unused 
for a long period of time at a low temperature and a low humidity, a liquid ejection failure can be prevented. Even if an 
ejection failure occurs, the head can be quickly restored to the normal state with only a small number of times of a 
20 recovery process such as pre-ejectlon or suction recovery process. Therefore, the recovery lime can be shortened, 
and the loss of a liquid can be reduced by a recovery process, thus greatly reducing the running cost. 

According to the structure of the present invention which is designed to improve the refilling characteristics, in 
particular, good response characteristics in a continuous ejection process, stable growth of bubbles, and stabilization 
of droplets can be attained, thereby realizing a high-speed recording operation based on high-speed liquid ejection, 
25 or a high-quality recording operation. 

When a liquid which tends to generate bubbles or a liquid with which a deposition (burnt material) is not easily 
generated on a heat generating element is used as a bubble generation liquid in the head having the two-flow-path 
structure, the degree of freedom in selecting an ejection liquid increases. The head of the present invention can there- 
fore eject even a liquid which is difficult to eject by using the conventional bubble jet ejecting method, e.g., a high- 
30 viscosity liquid which does not easily generate bubbles or a liquid with which a deposition is easily generated on a heat 
generating element by using a liquid which easily generates a bubble, or a liquid which tends not to generate a depo- 
sition (e.g., scorching) on a heat generating element. 

Furthermore, a liquid susceptible to heat can be ejected without any adverse effect of heat on the liquid. 

By using the liquid ejecting head of the present invention as a liquid ejection recording head, an image with higher 
35 quality can be recorded. 

In addition, with the liquid ejecting head of the present invention, a liquid ejecting device or recording system whose 
liquid ejection efficiency is further improved can be provided. 

Moreover, with the head cartridge and the head kit of the present invention, the head can be easily used and reused. 

40 

Claims 

1. A liquid ejecting head capable of ejecting liquids in different conditions, comprising: 

45 an ejection outlet for ejecting a liquid; 

a liquid flow path for supplying the liquid to said ejection outlet, said liquid flow path having bubble generation 
heat means used to eject the liquid and capable of selectively generating bubbles having different sizes; and 
a movable mechanism having at least one movable member arranged to face a bubble generation region 
formed in said liquid flow path by said bubble generation heat means, said movable member having a free , 

5^ end on a downstream side with respect to a direction of said ejection outlet, and a supporting member on an 

upstream side, and being displaced in a direction to separate from the bubble generation region in accordance 
with a bubble generated by said bubble generation heat means. 

2. A head according to claim 1 , wherein said bubble generation heat means comprises a plurality of heat generating 
55 elements at least one of which can be driven independently. 

3. A head according to claim 2, wherein said plurality of heat generating elements are arranged from an upstream 
side to a downstream side with respect to the direction of said ejection outlet. 
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4. A head according to claim 2, wherein said plurality of heat generating elements are arranged -side by side at a 
substantially equal distance from said ejection outlet. 

5. A head according to claim 2, wherein said movable mechanism comprises a plurality of movable members arranged 
s side by side at a substantially equal distance from said ejection outlet. 

6. A head according to claim 4, further comprising a partition wall arranged between said heat generating elements 
arranged side by side to suppress lateral escaping of a pressure. 

10 7. A head according to claim 2. wherein said plurality of heat generating elements have different areas. 

8. A head according to claim 2, wherein said plurality of heat generating elements have substantially the same area. 

9. A head according to claim 2, wherein the free end of said movable member is located on a downstream side with 
^5 respect to a center of the generated bubble. 

10. A head according to claim 2, wherein said liquid flow path comprises a supply path extending along said heat 
generating element to supply the liquid onto said heat generating element from an upstream side with r-espect to 
said heat generating element. 

20 

11. A head according to claim 10, wherein said supply path is a supply path having a substantially flat or smooth inr>er 
wall on an upstream side with respect to said heat generating element to supply the liquid onto said heat generating 
element along the inner wall. 

25 12. A head according to claim 2, further comprising a liquid flow path extending along a surface near said heat gen- 
erating element of said movable member to supply the liquid onto said heat generating element from an upstream 
side. 



13. A head according to claim 2, wherein said liquid flow path comprises a first liquid flow path communicating with 
said ejection outlet, and a second liquid flow path in which a heat generating elen^ent for heating the liquid to 
generate a bubble therein is arranged, and wherein said movable member is arranged between said first and 
second liquid flow paths. 

A head according to claim 1 , wherein said movable member is a plate-like member. 

A head according to claim 13, wherein said movable member is arranged as part of a partition wall arranged 
between said first and second liquid flow paths. 

A head according to claim 15, wherein said partition wall is made of a material selected from the ^roup consisting 
ot metal, resin, and ceramic materials. 

A head according to claim 13, further comprising a first common liquid chamber for supplying a first liquid to said 
plurality of first liquid flow paths, and a second common liquid chamber for supplying a second liquid to said plurality 
of second liquid flow paths. 

A head according to claim 13, wherein the liquid supplied to said first liquid flow path Is the same as that supplied 
to said second liquid flow path. • 

1 9. A head according to claim 1 3, wherein the liquid supplied to said first liquid flow path is different from that supplied 
to said second liquid flow path. 

20. A head according to claim 2, wherein said heat generating element comprises an having a heat generating resistor 
for generating heat upon reception of an electrical signal. 

21. A head according to claim 20, wherein a wiring pattern for transferring an electrical -signal to said electrothermal 
transducer, and a function element for selectively supplying an electrical signal to said electrothermal transducer 
are mounted on said element substrate. 
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22. A head according to Claim 1 3. Wherein said second liquid flow path has a chambPr4iw« eK 

said heat generating element is arranged. chamber^.ke shape at a portion where 

25. A head «:co,<«ng lo claim 2. «^e«ln the liquid e,ecl.d (ram S3ld ejocllon ou« is an ink. 

26. A liquid ejacting method ol ejectlna a liquid upon g.na,a,l„„ „, . |,„6|„.. comprising ,h, steps ol 

said heat generating element than the firsf pos^and has "reTerand 

27. A method according to claim 26, wherein the displaced state of said mox/flhiom«rr,K ^ 
th. numb., o, heat ganeiating elements dh..n'»,h ,C^t » onlZSlsZib" " acco«ance^,h 

28. A liquid ejsot»,g method o. ejecting a liquid by geneiating a bul,bie. comprising ,h, steps ol: 

i^SiXKrzrrad^'Sifherra^;— ^^^^^ 

'^^=g"tc™rro^til--^^^ 

31. A pre-ejecting method for a liquid ejecting head, comprising the steps of 

. Sir=r :ri rsSb ~ 

.a diriilon „, sa^^/ecToTlutra-r L^^^^^^^^ 

^brxrbr:srntrr;rsrerr^tr~'^ 

^Snl'trsC^^""™'"' ' • •^'> -i^'<"9 a liquid, 



30 



40 



45 



26 

BNSDOCID:<EP 0737581A2J > 



EP0 737S81 A2 

using said liquid ejecting head including an ejection outlet for ejecting a liquid, a liquid flow path for supplying 
the liquid to said ejection outlet, said liquid flow path having bubble generation heat means used to eject the 
liquid and capable of selectivety generating bubbles having different sizes, and a movable mechanism having 
at least one movable member arranged to face a bubble ger^eration region formed in said liquid flow path by 
5 said bubble generation heat means, said movable member having a free end on a downstream side with 

respect to a direction of said ejection outlet, and a supporting member on an upstream side; and 
displacing said movable member in a direction to separate from the bubble generation region in accordance 
with each of the bubbles having the different sizes, and causing said movable member to guide the bubbles 
to said ejection outlet so as to form droplets having the different sizes in accordance with the sizes of the 
bubbles, thereby performing a gradation recording operation. 

33. A recording method of performing a smoothing operation using a liquid ejecting head capable of ejecting droplets 
having different sizes, comprising the steps of: 

using said liquid ejecting head including an ejection outlet for ejecting a liquid, a liquid flow path for supplying 
the liquid to said ejection outlet, said liquid flow path having bubble generation heat means used to eject the 
liquid and capable of selectively generating bubbles having the different sizes, and a movable mechanism 
having at least one movable member arranged to face a bubble generation region formed in said liquid flow 
path by said bubble generation heat means, said movable member having a free end on a downstream side 

2^ with respect to a direction of said ejection outlet, and a supporting member on an upstream side; and 

displacing said movable member in a direction to separate from the bubble generation region in accordance 
with each of the bubbles having the different sizes, causing said movable member to guide the bubbles to 
said ejection outlet so as to supply the droplets having the different sizes corresponding to the sizes of the 
bubbles to a boundary between an image portion and a non-image portion, thereby performing a smoothing 

^5 operation. 

34. An Inkjet recording device using a liquid ejecting head capable of ejecting liquids in different conditions, comprising: 

a mount portion on which said liquid ejecting head is mounted, said liquid ejecting head including an ejection 
^0 outlet for ejecting a liquid, a liquid flow path for supplying the liquid to said ejection outlet, said liquid flow path 

having bubble generation heat means used to eject the liquid and capable of selectively generating bubbles 
having different sizes, and a movable mechanism having at least one movable menriber arranged to face a 
bubble generation region formed in said liquid flow path by said bubble generation heat means, said movable 
member having a free end on a downstream side with respect to a direction of said ejection outlet, and a 
55 supporting member on an upstream side, and being displaced in a direction to separate from the bubble gen- 

eration region in accordance with a bubble generated by said bubble generation heat means; and 
drive condition selection means for supplying said bubble generation heat means of said liquid ejecting head 
with an electrical signal corresponding to a recording signal corresponding to a liquid to be ejected. 

40 35. A liquid ejecting head capable of ejecting liquids in different conditions, comprising: 

an ejection outlet for ejecting a liquid; 

a liquid flow path including a first liquid flow path for supplying the liquid to said ejection outlet, and a second 
liquid flow path having bubble generation heat means used to eject the liquid and capable of selectively gen- 
erating bubbles having different sizes; and 

a movable mechanism having at least one movable member arranged to face a bubble generation region 
formed in said second liquid flow path by said bubble generation heat means, said movable member having 
a free end on a downstream side with respect to a direction of said ejection outlet, and a supporting noember 
on an upstream side, and being displaced by generation of the bubble in a direction to move the free end in 
5^ a substantially sealed state with respect to the first liquid flow path and to open the bubble generation region 

to said ejection outlet, 

36. An ink jet recording device according to claim 34. wherein said heat means comprises a plurality of electrothemnal 
transducers. 



55 



37. A head cartridge comprising: 

a liquid ejection head as set forth either in claim 1 or 35; and 
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a liquid container for containing liquid to be supplied to said liquid ejection head. 

38. A head cartridge according to claim 37. wherein said liquid ejection head is separable from said liquid container. 

39. A head cartridge according to claim 37. wherein said liquid container is refilled with liquid. 

40. A liquid ejection apparatus comprising: 

a liquid ejection head as set forth either in claim 1 or 35; and 

a drive signal supplying means for supplying a drive signal for causing said liquid ejection head to eject the 
liquid. 

41. A recording system comprising: 

a liquid ejection apparatus as set forth in claim 40; and 

an additional process device for promoting the fixation of the liquid on the recorded recording medium. 

42. A recording system comprising: 

a liquid ejection apparatus as set forth in claim 40; and 

an preliminary process device for promoting the fixation of the liquid on the recorded recording medium. 

43. A liquid ejection head such as an ink jet head, a method of ejecting liquid using such a head, a recording apparatus 
using such a head or a kit comprising such a head and a liquid supply therefor, wherein the head has a liquid path, 
and selectable means for generating bubbles of different sizes, for example selectable heating elements, for caus- 
ing different amounts of liquid to be ejected from the liquid path. 



44. 



A liquid ejection head such as an Inkjet head, a method of ejecting liquid using such a head, a recording apparatus 
using such a head or a kit comprising such a head and a liquid supply therefor, wherein the head has a liquid path, 
and selectable means for generating bubbles of different sizes, for example selectable heating elements, for caus- 
ing different amounts of liquid to be ejected from the liquid path, and movable means, which may comprise, for 
example, a single movable element or a respective movable element for each selectable bubble generating means, 
arranged to be moved or displaced by generation of a bubble to allow liquid to be ejected from the liquid flow path! 
which bubble may be generated in a liquid path different from the liquid path from which liquid is to be generated' 



40 



45 



SO 



55 



28 

BNSDOCID: <EP__0737581A2 I > 



EP 0 737 581 A2 



FIG. 1A 




FIO. IB 




29 

BNSDOCtD: <EP_0737581A2J_> 



EP 0 737 581 A2 



10 14 



FIG. 2 A 






30 



EP 0 737 581 A2 




EP 0 737 581 A2 



FIG. 5 




BNSDOCIO; <EP 0737581A2_L> 



32 



EP0 737 S81 A2 




EP 0 737 581 A2 



FIG. 8 A 




BNSDOCID: <EP 0737581 A2J_> 



34 



EP 0 737 S81 A2 



FIG. 12 



1,5 



O 
>- 
t/) 

z- 

D 
O 



1.0 



0.5 




20 40 60 60 

EJECTION AMOUNT 



FIG. ISA FIG. 13B 




BNSOOCtO: <EP 0737581 A2_L> 



3S 



EP 0 737 581 A2 



FIG. UA 




BNSDOCID: <EP 0737581 A2_L> 



36 



EP 0 737 S81 A2 



FIG. 15 A 




F/G. 15B 




/ 



37 

BNSDOCID: <EP 0737581 A2_L> 



EP 0 737 581 A2 



FIG. 16A 




BNSDOCID: <EP 0737581 A2_l_> 



38 



EP0 737S81 A2 



FIG. 17A 






39 



EP 0 737 581 A2 




40 

BNSDOCID: <EP 0737581 A2_l_> 



EP 0 737 S81 A2 



FIG. 19A FIO. 19B FIG. 19C 




BNSDOCID: <EP 07375eiA2_l_> 



41 



EP 0 737 581 A2 



FIG. 20 



PRINT STAND BY CONDITION 






1 \ 

PRINT STAR! 


riNG SIGNAL 



PREEJECTION 



PRINT 



( HEAT GENERATING 

\^ ELEMENT 2-1, 2-2 ON 

(START PRINT) 



PREEJECTION 



( 



HEAT GENERATING 
ELEMENT 2-1. 2-2 ON 



PRINT 



PRINT END 



42 



EP 0 737 581 A2 



FIG. 21A FIG. 21B FIG. 21C 



19 



-35 
31 



16 



16 



2-2 



2-1 




19 




2-2 

-35 



2-1 



FIG. 22 A FIG. 22 B FIG. 



-35 



V 




22C 

/ 



31 



-35 
'31 



-35 
31 



43 



EP 0 737 581 A2 



1 



FIG. 23 A 




107 



44 

BNSDOCID: <EP 0737581 A2_t_> 



EP 0 737 S81 A2 



FIG. 2U 



DRIVE SELECTION 
MEANS 

PULSE FORM 



J L 



150 



ELECTRIC 

POWER 

SOURCE 



151 



5-1 



C Q- 



5-2 
HEAD 



2-1 



2-2 



BNSDCX;iO: <EP_073758lA2_L> 



45 



EP 0 737 581 A2 



FIG. 25 




BNSCXX;iD: <EP 0737581A2_I_> 



46 



EP 0 737 581 A2 



FIG. 27 





BNSDOCID: <EP 0737561 A2_l_> 



47 



EP 0 737 581 A2 




EP 0 737 S81 A2 



FIG. 29 



RECORDING 
APPARATUS 



Z 



200 



HEAD 



307 



31 



HEAD DRIVER 



303 



ROM 



A- 



304 



RAM 



DRIVING 
MOTOR 



306 



7/ 



MOTOR 
DRIVER 



305 



7J 



JJ^302 



CPU 
:302 



301 



INPUT/OUTPUT 
INTERFACE 

— — 



401 ^ ^ 

300-^^— 



^ HOST COMPUTER ] 



49 



EP 0 737 581 A2 




EP 0 737 581 A2 



FIG. 31 




SI 

BNSDOCID: <EP__0737581A2_I_> 



This Page Blank (uspto) 



(19) 



J 



Europai&ches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 0 737 581 A3 



(12) 



EUROPEAN PATENT APPLICATION 



(88) 


Date of publication A3: 


(51) Intel 6: B41J 2/05 




09.07.1997 Bulletin 1997/28 


(43) 


Date of publication A2: 






16.10.1996 Bulletin 1996/42 




(21) 


Application number: 96302627.3 




(22) 


Date of filing: 15.04.1996 




(84) 


Designated Contracting States: 


• SugitanI, HiroshI 




AT BE CH DE DK ES Fl FR GB GR IE IT LI LU NL 


Ohta-ku, Tokyo (JP) 




PT SE 


• Inamoto, Tadayoshi 






Ohta-ku, Tokyo (JP) 


(30) 


Priority: 14.04.1995 JP 89058/95 


• Nakata, Yoshie 




08.06.1995 JP 142214/95 


Ohta-ku, Tokyo (JP) 




11.04.1996 JP 89825/96 








(74) Representative: 


(71) 


Applicant: CANON KABUSHIKI KAISHA 


Beresford, Keith Denis Lewis et al 




Tokyo (JP) 


BERESFORD & Co. 






2-5 Warwick Court 


(72) 


Inventors: 


High Holborn 


• 


Kimura, Makiko 


London WC1R 5DJ (GB) 




Ohta-ku, Tokyo (JP) 





(54) Liquid ejecting head, liquid ejecting device and liquid ejecting method 



(57) A liquid ejecting head capable of ejecting liq- 
uids in different conditions comprises an ejection outlet 
(18) for ejecting a liquid; a liquid flow path for supplying 
the liquid to said ejection outlet, said liquid flow path (10) 
having bubble generation heat nneans (2-1 ,2-2) used to 
eject the liquid and capable of selectively generating 
bubbles having different sizes; and a movable mecha- 
nism having at least one movable member (31) ar- 



ranged to face a bubble generation region formed in said 
liquid flow path by said bubble generation heat nneans. 
The movable member has a free end on a downstream 
side with respect to a direction of said ejection outlet and 
a supporting member on an upstream side. The mova- 
ble member is displaced in a direction to separate from 
the bubble generation region in accordance with a bub- 
ble generated by said bubble generation heat means. 
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